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PREFACE TO THE FIFTH EDITION 


The mam objective that dominated the preparation of the present 
edition was to replan and impro\e the presentation of the topics comprising 
general development To this end Part I has been reorganized along new 
lines, the te\t wholly rewritten and many new' illustrations introduced 
Among the more drastic changes are those in subjects such as growth and 
histogenesis in Chapter I, maturation m Chapter II, cleavage and gastrulation 
(Chapter IV), human embryos and their membranes (Chapter \T), and 
placentation (Chapter VII) Consideration of the fetal membranes of ver- 
tebrates in general has been segregated and unified (Chapter V) Com- 
pletely new chapters treat of reproductive cjcles and their hormonal control 
(Chapter VIII) and of the fundamental concepts and problems of experi- 
mental embrj'ology (Chapter IX) 

The changes m Parts II and III arc chicfl> corrective, so as to make 
the descriptions consonant with the new information that has been estab- 
lished in the six-year penod since the publication of the previous edition 
Although far less extensive than the changes m Part I, these alterations have 
resulted in the whole book being reset in fresh type Some new illustrations, 
and improved cuts for most of the others, strengthen these chapters In the 
book as a whole there are now 1361 drawings, of which 186 are new In 
spite of the presence of 23 chapters instead of the prev lous 19, the book nets 
one less printed page than before 

A diligent attempt has been made to review the world literature in em- 
bryology since 1940, and particularly as it affects human development As 
in earlier editions, supersenpts interspersed throughout the text agree with 
numbered entnes in a bibliograph> at the end of each chapter These cita- 
tions direct attention to newer or controversial interpretations, and no at- 
tempt has been made to provide such extensive bibliographies as would be 
necessary if traditional views were to be documented In some instances 
recent contnbutions with comprehensive literature reviews have been given 
preference in citation over more weighty, but older, researches Unless the 
context clearly implies the contrary, the reader may assume that the un- 
folding of the developmental story in this book is an account of his own 
formative course 



VI 


PREFACE TO THE FIFTH EDITION 


Acknowledgment is extended to the publisher for liberal collaboration, 
to Dr George W Corner who generously supplied illustrative matenal from 
the Carnegie Institution, to Miss Lucille Cassell whose facile brush contin- 
ues to enrich the illustrations, and to Dr Victor Hamburger who offered 
constructive suggestions regarding the reorganization of Part I 


CmcAGO Illinois 


L 


B Arey 



CONTENTS 


PART I GENERAL DEVELOPMENT 

Page 

Chaptfr I — Introdlction ' 

The Nature and Scope of EmbrjoloRj * 

The Histoncal Background 3 

General Features of Dc\c!opmcnt ” 

Ancestral Repetitions 

Terrmnolog> 20 


Chapter II —The Se\ Cells 

Oogenesis 23 

Spermatogenesis 3* 

The Significance of Mitosis and Meiosis 3“ 

Chapter III —The Discharge and Umos or Sr\ Cells 40 

0\ulation 40 

Semination 44 

Fertilization 47 

Hcreditj and Sex 51 

Chapter IV— Cliaaage vsd G vsTRULATtov SS 

Cleavage Sb 

Gastrulation 63 

Denv atu es of the Germ Laj ers 75 

Chaptcr V— Thl Petal Memorases of Verttorates 77 

Reptiles and Birds 78 

Mammals 80 


Chapter VI — Hosian Ejidr^os and Their Memurases 
Penod of Cleavage (First Week) 

Penod of the Two Layered Embryo (Second Week) 

Period of the Three Layered Embryo (Third 4%cek) 

Period of the Embryo with Somites (Fourth Week) 

Penod of Embryo Completion (Fifth through Eighth Week) 
Penod of the Fctu« 

The Fetal Membranes 
Determination of the Age of Embryos 
Viability and Longevity 


90 

90 

90 

93 

97 

*03 

>05 

107 

113 

«J5 


Chapter VII — Homak Placentation 
Transport of the Ovum and Blastocyst 
Preparation of the Uterus for the Embryo 
Implantation 

Establishment of the Embryo m the Endometrium 
The Decidual Membranes 
The Placenta 

Physiology of the Placenta 
Partuntion 


I17 

117 

118 
I18 

122 

123 
128 


>35 


136 


Chapter VIII — Reproductive Cycles akd Their Hormonal Control 
Reproductive Cy cles 

The Hormones Concerned with Reproduction 
The Hormonal Control of Reproductive Cycles 

Vll 


142 

142 

>47 

151 



VI 


PREFACE TO THE FIFTH EDITION 


Acknowledgment is extended to the publisher for liberal collaboration, 
to Dt George W Comer who generously supplied ilUistratwe material from 
the Carnegie Institution, to Miss Lucille Cassell whose facile brush contin- 
ues to enrich the illustrations, and to Dr Victor Hamburger who offered 
constructive suggestions regardmg the reorganization of Part I 


CinevGO, Ili ivois 


L B Auev 



CONTENTS 


1 \ 


CiUPTER XVI — Tiic Skeletal S\stem 
Histogenesis of the Supporting Tissues 
^Io^phogencst^ of the Skeleton 
The A^nl Skeleton 
The Appcnclicuhr Skeleton 


363 


37> 

372 

3SG 


CnAPTCR XVII— The Muscular S\sTrM -590 

The Histogenesis of Muscle 39^ 

Morphogenesis of the Muscles 393 


Chapter XVlll — Thc Inteclmestvrs S\stim 
The Skm 
Thc Niils 
The Hair 
Sebiccous Glinds 
Sneat Glands 
Mammarj Ghnds 

Chapter XIX— The Central Ner\ols Ssstem 
Histogenesis of thc Ner\ous Tissues 
Morphogenesis of the Central \cr\ous S\sicm 
The Spinal Cord 
Thc Bram . 

Thc M\eiencephalon 
Thc Metcnccpli ilon 
The ^ie«encephalon 
Thc Dienccphalon 
The Telencephalon 


400 

400 

403 

404 
407 

405 
409 


4«3 

413 

432 


424 

429 

434 

439 

442 

443 
446 


Chapter W— The Piripher^l Nervous Svstem 
The Spinal Nerves 
Thc Cranial Nerves 

The Special Sensor) Nerves 
The Somatic Motor Nerves 
Thc Visceral Mixed Nerves 
The S)mpathctic Nervous Svstem 
The ChromafTin Bodies and Suprarenal Gland 


458 

460 

462 

463 

466 

467 
471 
473 


Chapter \\I — The Sense Orcvns 
General Sensor) Orgms 
Thc Gustator) Organ 
The Nose 
The Eye 
The Ear 


478 

478 

479 

480 

485 

497 


PART III A LABORATORY MANUAL OF EMBRYOLOGY 

Chapter WII — The Studv of Chick Embrvos 

The Unincubated Ovum and Embrvfwof the First Day 
Embryo of hue Segments (Twenty four Hours) 

Embryo of Seven Segments (Twentv five Hours) 

Embryo of Seventeen Segments (Thirty eight Hours) 

Embryo of Twenty seven Segments (Two Days) 

Embryos of Three to Four Days 
Embry os of Se\ en and Ten Day s 

Chapter Will— The Studv of Pig Embrvos 
The Anatomy of a Six Mm Pig Embrvo 
The Anatomy of a Ten Mm Pig Embrvo 
The Anatomy of an Eighteen ^im Pig Embryo 
The Anatomy of a Thirty fiv e Mm Pig Embryo 


508 


508 

S12 


514 

522 


532 

546 

549 


550 

551 

S54 

5«2 

586 


Index 


589 



Vlll 


CONTENTS 


CnAFTcn IX — Experimental Embrvoloov 
The Methods of Attack 
An Interpretation of Early Stages 
The Concept of Potency 
The Problem of Determination 
The Gradient Theory 
Twinning and Duplication 
Teratology 


155 

155 

156 

160 

161 

167 

167 

172 


PART II SPECIAL DEVELOPMENT 
Chapter X— External Body Form 175 

The Head and Neck j7e 

The Trunk 18^ 

The Appendages 184 


Chaptet \I — Tnr Digtstive System 
The Mouth 
The Pharj nx 
The Digestive Tube 
The Liver 
The Pancreas 


187 

100 

206 

217 

226 

230 


Chapter XII —The Respirator\ St sum 
The Lar> nx 
The Trachea 
The Lungs 


235 

23s 

237 

237 


Chaptee XIII —The Mesenteries and C<elom 
The Mesentenes 

The Primitive Mesentery 
Specialization of the Dorsi! Mesentery 
Specialization of the Ventral Mesenten 
The Ccelom 

The Primitive Coelom 
The Septum Iransversum 
The Pleuro pericardial Membrane 
The Pleuro peritoneal Membrane 
The Pencardmm 
The Diaphragm 


244 

244 

244 

244 

252 

254 

254 

257 

260 

261 

262 
263 


Chapter XIV -—The Urogenital System 
The Unnary Organs 
The Pronephros 
The Mesonephros 
The Metanephros 
The Cloaca 
The Genital Organs 
Indifferent Stage 
Internal Sexual Transformations 
The External Genitalia 
Homologies of the Urogenital System 


2 ^ 

26^ 

266 

268 

278 

283 

283 

287 

303 

306 


Chapter W — The Vascular Svsteu 
Angiogenesis. 

Hemopoiesis 

The Pttraitive Vascular System 
Development of the Heart 

External Changes in the Heart 
Internal Changes in the Heart 
Development of the Arteries 
Development of the Veins 
Fetal Circulation and the Changes at Birth 
The Lymphatic System 


310 


310 

3IJ 

31b 

320 


323 

325 

335 

345 

355 



CONTrNTS 


1\ 


Chapter XVI — Tnc Skfletai S\ stem 
H isto;,enesis of the Supporting Ti«sues 
Morphogenesis of the Skeleton 
The Skeleton 
The AppcndiculTr Skeleton 


363 

3^>3 

371 

372 


Chapter WII — Tnr Muscui \r System 39° 

The Histogcnesr of Muscle 39^ 

Morphogenesis of the Muscles 393 


CiupTER win — Tnc Istfgument\r\ S\stim 
T he Skin 
The N'lils 
The Hnir 
Sebaceous Ghnds 
Sweat Glands 
Mammar> Glands 

Cbapter XI\ — Tnr Cfstral NrRxoi-s S\stim 
H istogenesis of the Neiaous Tissues 
Morphogenesis of the Central Nervous Sjstcm 
The Spinal Cord 
The Brim . 

Tlic Mjelenccphalon 
Tlic hittcnce|uialon 
Die Mcscncci»halon 
The Dicnccpnalon 
The Telencephalon 


400 

400 

403 

404 
407 
40s 
409 


413 

413 

423 

424 
429 

434 

439 

442 

443 
446 


Chapter X\ — Tnr PrRirntRvL NrRtots Sasirn 
The Spinal Nerves 
The Cranial Nerves 

The Special Scnsor> Nerves 
The Somatic Motor Nerves 
The Visceral Mixed Nerves 
The Sympathetic Nervous S>stcm 
The Chromaffin Bodies and Suprarenal Gland 


458 

460 

4G3 

463 

4C6 

467 

47t 

473 


Chaptfr \XI — Tnc SrNSC Organs 
G eneral Sensory Organs 
The Gustatory Organ 
The Nose 
The Eye 
The Ear 


478 

478 

479 

480 
485 
497 


PART III A LABORATORY MANUAL OF EMBRYOLOGY 

Chaptfr WII — Tnr Study of Chick Evibryos 

The Unmeubated Ovum and Embryos of the I irst Day 
Embryo of Five Segments (Twenty four Hours) 

Embryo of Seven Segments (Twenty five Hours) 

Embryo of Seventeen Segments (Thirty eight Hours) 

Embrvo of Twenty seven Segments (Two Days) 

Embryos of Three to Four Days 
Embryos of Seven and Ten Davs 

Ciiaptfr Will — flic Study or Pic Embryos 
The Anatomy of a Six Mm Pig Embrvo 
The Anatomy of a Ten Mm Pig Embrvo 
The Anatomy of an Eighteen Mm Pig E mbryo 
The Anatomy of a Thirty five Mm Pig Embryo 


508 


508 

312 


514 

522 


532 

5 16 
549 


SSO 

351 

334 

382 

586 


589 


Index 




PART 1. GENERAL DEVELOPMENT 


CHAPTER I 
ITTTRODUCnON 

THE NATURE AND SCOPE OF E^TBRYOLOGY 

Embr>olog> is the science that treats of the ongm and development 
of the individual organism But wTiat is the meaning “of ‘de\ elopment’ 
i\hen used m this sense’ J^is a gradual bringing to completion, both in 
structure and in function Its chief charactcns~tic is cumulali\ e' progressu e-' 
116557 in vhich each component act and result loses significance unless 
\aev,ed against what precedes and what follows Although the vntal proc- 
esses employed in the development of an indnidual ma> not differ speafi- 
cally from those exhibited m the activities of the final organism, their results 
tend to be permanent rather than transitor> That is, they establish 
patterns of form and of function rather than mercl> maintaining what has 
alread> been perfected 

The Developmental Period — ^The development of many animals is 
dixnded b> the incident of birth or hatching into prenatal and postnatal 
periods For a long time attention was focused on the events taking place 
before birth, when the most striking advances occur in these animals as a 
w-hole Only gradually was it realized that important changes, beyond 
mere growth, continue to occur even to the adult state This broader 
concept of embr>olog>' bnngs into its range all the developmental events 
resulting from sexual reproduction 

Man} animals, including such vertebrates as fishes and amphibians, 
are capable of an independent existence at relatively immature stages, 
these free-living forms, with much or most of their development still before 
them, are called farmer It is quite otherwnse w^th reptiles, birds and mam- 
mals The human newborn for example, is fairly complete anatomically, 
>et utterly dependent on its elders for food and care Throughout infancj , 
childhood and adolescence come the completion of some organs and a 
gradual remolding of body shape Only at about the age of twenty -five 
are the last of these progressive changes finished and the body stabilized 
in the adult condition 

It IS instructive to list the divisions of the life span in man and thus 
to re-emphasize how many of these entries belong to the developmental 
penod 




PART L GENERAL DEVELOPMENT 


CHAPTER I 
INTRODUCTION 

THE NATURE AND SCOPE OF EMBRYOLOGY 

Etnbr>ology is the science that treats of the ongm and development 
of the individual organism But v^hat is the meaning "of ‘development’ 
when used in this sensed' It is a gradual bnnging to completion, both in 
structure and in function Its chief characteri^ic is"cuhiulalive~ progressive-" 
“neisTin which each component act and result loses significance unless 
viewed against what precedes and what follows Although the vital proc- 
esses emplo>ed in the development of an individual may not differ specifi- 
cally from those exhibited m the activities of the final organism, their results 
tend to be permanent rather than transitorj’ That is, the> establish 
patterns of form and of function rather than merely maintaining what has 
already been perfected 

The Developmental Period — The development of many animals is 
divided by the incident of birth or hatching into prenatal and postnatal 
penods For a long time attention was focused on the events taking place 
before birth, when the most striking advances occur in these animals as a 
whole Only gradually vvas it realized that important changes, beyond 
mere growth, continue to occur even to the adult state This broader 
concept of embryology bnngs into its range all the developmental events 
resulting from sexual reproduction 

Many animals, including such vertebrates as fishes and amphibians, 
are capable of an independent existence at relatively immature stages, 
these free-living forms, with much or most of their dev elopment still before 
them, are called lana It is quite otherwise with reptiles, birds and mam- 
mals The human newborn, for example, is fairly complete anatomically, 
yet utterly dependent on its elders for food and care Throughout infancy, 
childhood and adolescence come the completion of some organs and a 
gradual remolding of body shape Only at about the age of twenty-five 
are the hst of these progressive changes finished and the body stabilized 
in the adult condition 

It is instructive to hst the divisions of the life span in man and thus 
to re-emphasize how many of these entries belong to the developmental 
penod 



INTRODUCTION 


{ O' urn Fertilization to entl of first week 
Embryo Second to ciRhth wede, inclusive 
Fetus Third to tenth month, inclusive 


Birth 


Postnatal life 


Neuborn Neonatal period birth to end of second week. 

Infancy Third week until nssumption of erect posture at end of first year 

( Early Milk tooth period second to sixth year, inclusive 
Middle Permanent tooth period, 7 to 9 or 10 years inclusive 
Later Prepubertal period from 9 or lO years to 12-15 years in fc 
males and to 13-16 years in males 


Puberty 

Adolescence The sit years following puberty 
Adult / Between 20 and 60 years 

\ 0 /i o|e and seKtjfenfe Prom Go years on 


Death 


The Fields of Embryology — ^The general topic of development sub- 
divides conveniently into morphological and functional categones The 
morphological dmsion deals uith form, structure and relations, and is 
purely descnptive and comparative in treatment It traces the formative 
history of animals from the germ cell of each parent to the adult, resulting 
offspnng Its objective is to paint the progressive panorama of change 
that cells tissues, organs, and the body as a uhole undergo m attaining 
their final states These unified descnptions of advancing form, structure 
and relations can be designated by the term deielopmenial anatomy The 
other division of embryology is functional and attempts to explain, on the 
basis of expenment and analysis, the ways in which development works 
How seemingly mystenous happenings can be resolved into familiar ph> sical 
and chemical phenomena, how parts interact in determining and co- 
ordinating the evolving embryo, how fetal physiology makes its beginnings 
and then operates — all these, and more, constitute developmental physiology 
Most of the effort in this field has centered about an attempt to discover 
the forces, factors and mechanisms that govern development This experi- 
mental attack on dynamic causation has come to be known as cxpenincntal 
embryology 

All multicellular animals have certain similarities in their ways of 
development It is, however only m the very earliest stages that all the 
different lands of embryos have much in common structurally Within 
closely related groups the correspondence in the form and method of de- 
velopment is greatest and lasts longest Thus all vertebrate {t e , back- 
boned) animals are built about a common anatomical plan and have the 
same fundamental style of development Naturally some variant methods 
are utilized and some type pecuhanties exist, while in the end ‘higher’ 
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vertebrates achieve certain greater complcMties than do ‘louer’ ones Al- 
though comparatijc embryology is indispensable for gaming a broad under- 
standing of development, its> former importance in suppl>ing missing 
pages of the human story has diminished greatly In the e^penmental 
field alone is there a high degree of dependence on lover forms 

The Value of Embryology — A general conception of hov man, like 
other animals, develops from a single cell should share in the cultural 
background of every educated mind From the philosophichl side, em- 
br}’olog> IS a key that helps unlock such secrets as hereditj , the determi- 
nation of sex and organic evolution To the medical student, embryology 
is of pnmaiy importance because it supplies a comprehensive and rational 
explanation of the intricate arrangements of human anatom> The body 
does not just happen to be arranged as it is Each end-result is preceded 
b} a definite course of developmental ev'ents, and anomalies can be ex- 
plained on the basis of departures from the usual pattern Embiyology is 
also able to interpret vestigial stnictures, to explain growth, difTerentiation 
and repair, and to throw light on some pathological conditions For all 
these reasons it is essential to sound training in anatomy , pathology' and 
surgery Furthermore, obstetrics is to a certain degree applied embryology, 
while pediatrics and other specialties find it directly useful 

THE HISTORICAL BACKGROUND 

Several centunes before our era, Anstotle (384-322 B C ) wrote the 
first treatise on embryology It was a mighty compendium of observation 
and argument, so far in advance of his age that for nearly two thousand 
years almost nothing of significance was added Anstotle was the first to 
formulate the alternative that an embryo must be either preformed and 
only enlarging dunng its development or it must be actually differentiating 
from a formless beginning He deaded in favor of the latter interpretation 
and thereby set off a controversy which extended through the centunes 
Although Anstotle discovered many astonishing facts in comparative 
embryology and followed the general progress of the developing chick, he 
naturally fell into error on things about w'hich he had to speculate Thus 
be credited the popular belief that slime and decaying matter are capable 
of producing \i\ mg animals, and he desenbed the human embryo as organiz- 
ing out of the mother’s activated menstrual blood Such ongms were 
disproved by Redi (1668), although the death blow to the persistent belief 
of the spontaneous generation of microscopic animalcules and bactena 
was dealt only in 1864 by Pasteur That every living organism comes 
from a pre-existing, living organism (omne vtvitm ex ^tio) and that every 
cell anses from the subdivision of a pre-existing cell {omms cdltila e ceUtila) 



I' IfnjJjirtlOS 


arc fundamental concept'?, *^0 lotninonphct twlny tint tlicjr lonp stru^'e 
for recognition is often o\erlookc<i 

"Lnlil about the jear 1800 it v is |»tntr.ilh lK‘Iie'\(<I either that n full) 
formed animal csists in mmi.ilua m tin ipp needing onij the stimulus of 
the fepenn to initntc growth and iinfolding or lint simdarlj preformed 
organisms, male and female, consiitulc the sj>cnns and lhc'?e nicrcl> enlarge 
when thc> get inside the eggs (I'lg t) 'lo he consistent this doctnne of 
prcjonuatioti had to idmit tint all future gencr itions were Id cwi'^e cnca^, 
one inside the sc\ cells of the other, like so nianv Chinc'W l)0\cs Simple 
mathematical considerations made such a concept iliHicuIt to defend In 
recent > ears certain features of the preform itional jjoint of % lew Ini c liccn 
reintroduced into biolog^', but in a far more subtle form th in the original 
doctnne taught Due largcl> to the mnutnee of Morgan since 1910, it is 
now conceded that the chromosomes of the fertilized egg 
contain m tlicir genes definite detemnnitivc powers oier 
development 

■»T prcfomiation tlicoiy was \irttnlly dcstrojed bv 
Wolff {1759-69) nho, like llanc) in the preceding centurj. 
s-iw the ports of the c-irly eh, ok embryo tnl c sh ,i« ns nc« 
lormnuons But Wolll uas able to go further and shou 
that the germinal region first consists of ■globules' (tc, 
cells) hokingm any arrangement that can bo related 
Fio 1 -Human directly to the Jonn or structure ot the future embrto 

sprrm call con- Only gradually did these globules organito into rudiments 
tainifls a mmia which could be traced into the several ort^'inc^f «!,« « 

This method of progressive development from the simpler 
soute (. 694 ) “ complex, through the utilisation of bu.ltog 

units known as cells is epigenesis Many years ncier- 
theless, elapsed before Wolff's mens gained proper recognition The final 
chapter in the obituary of the onginal doctnne ot preformation was wnt- 
ten by Dnesch (igoo) who proved that in many forms the daughter cells 
of a fertilized egg (i e , half- or quarter-eggs), when separated, mil develoo 
into complete embryos The present view on these matters is that dev el 
opment is stnctly preformational as regards the genes and their hereditary 
influences, but ngorously epigenetic in actual constructional activities ^ 
With the overthrow of preformation, saentists sought afresh what 
could be that the egg transmits to the next generation Darn m and othera 
thought that each part of the body rmght contnbute something to the sex 
cells of an individual, and that these representative tokens could make the 
operation of heredity physically possible Weismann (1883) argued eon- 
vuicingly that the facts are quite otherwise, a child in no way mhentmg 
its characters from the bodies of the parents but only from their sex cells 
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These germ cells, in turn, acquired their characters directly from pre- 
eMsUng germ cells of the same kind The germ plasm is a self-perpetuating, 
cellular lcgac> ^hich has e\isted as an unbroken stream through the ages 
At each new generation a temporarj bodj is built up around it, to ser\e 
as a earner of the germ cells and to hold them in tnist for the forthcoming 
offspnng (Fig 2) The reason, therefore, \sh> offspring resembles parent 
IS because each dev clops from portions of the same immortal stuff Alodem 
investigation has shown that the self-pcrpctuating elements are rcall> the 
genes, and that these occur identicalK in the bodj cells as in the se\ cells 
Weismann’s belief in a fundamental difference between se\ and somatic 
cells has lost much of its onginal force, but his concept of germinal con- 
tinuity threw a great light on the nature of the hcreditarv process 

Harvey (1651) and Malpighi (1672) contnbuted fundamental de- 
scnptions of the stages of the developing chick as seen with simple lenses 
How these observations were refined b> Wolff (1759-69) has alread> been 
told In 1817 Pander demonstrated the three pnmary germ layers from 
which the chick embrvo and its constituent parts develop Von Baer 



Pio 2 — Dn},nm shoeing the concept of the continuU> of germ phsma 


(1829-37) soon aftenvard broadened this concept to a generalization for 
all animals determined the origins of the pnncipal organs and made the 
science of embryology comparative E\actl> 150 >ears after Leeuwenhoek 
(1677) reported the discovery of the sperms of man and other mammals, 
von Baer (1827) identified the mammalian egg For these far-reaching 
contnbutions, which influenced all subsequent growth of embryology, he 
hab justly been honored as the ‘father of modem embryology ’ Cleavage, 
or subdivision of the egg into the building units of the embryo, was first 
definitely desenbed by Prevost and Dumas m 1824, but its true meaning 
had to wait for the recognition of the cell as the stmctural unit of the organ- 
ism This biological landmark was set by Schwann in 1839, and about 
tw entj y ears later the egg and sperm were recognized as true cells Hertw ig, 
in 1875, was the first to observe and appreciate the mam events involved in 
the fertilization of an egg by a sperm, while Van Beneden (1883) soon 
proved that the male and female sev cells contribute the same number of 
chromosomes to the fertilized egg The present epoch was made possible 
when Balfour (1880) reviewed, digested and made accessible the earlier 
scattered facts 
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INTRODUCTION 


Like biology in general, embryology has pissed through three stages 
The first was pure description and fact-gathenng At present it continues 
chiefly in the program of obtaining a well-rounded account of human de- 
velopment, His and Kcibel in Europe and Minot and Mall m America acre 
the original leaders in this endeavor The second stage was companson, 
in which the observations on vanous animal types were classified and 
compared, and common trends and pnnapics were sought The dominance 
of von Baer in comparative embr>ology has never been challenged De- 
scnption and companson received a great impetus in the last half of the 
nineteenth century from the then new theory of evolution, it was hoped 
that the full evolutionary history of an animal would be revealed in its 
embryonic development (p i8) The third stage, experimental and 
analytical, is exemplified by Roux and Spemann in Euro,,c and Morgan 
and Hamson in this country It is the most vigorous and promising branch 
of contemporary embryology 

GENERAL FEATURES OF DEVELOPMENT 

A multicellular animal begins its development as a fertilised (t c , 
activated) egg Further progress depends upon (j) cell proh/irauptt (a) 
growth, (3) ntorphogsncsis, or molding of the body and its organs (4) htslo- 
genesis, or cell specialization into tissues, and (5) intcgraiton, to produce 
a unified, working organism 


fgt-T- PROUFERATION 

All cells arise from pre-existing cells by cell division Although a 
direct fission of the nucleus and cytoplasm is described m certain old or 
specialized cells, this style (aimtosts) plays little or no rdle m development 
The ordinary method of cell division (wt/ows) has several distinctive fea 
tures These include the reappearance from a state of dispersion of a char- 
actenstic number of chromosome bodies, their growth and sphttmg mto 
double structures, and the separation and accurate distribution of these 
components to the two daughter cells Each new cell acquires one complete 
set of chromosomes 

It seems like a long span from the egg to the trillions of cells that 
comprise the completed body of man, yet this prodigious final number can 
be attained qxute readily by repeated cell division So rapid is the doubhn? 
process that some 45 generations (2*^) of mitoses are sufficient Of course* 
this theoretical product is not realized in any such mathematically 
fashion, since some cells multiply much more slowly than others while cell 
death also occurs along the way 
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Growth 

Growth may be defined as a dei\elopmentnl increase in mass It is a 
fundamental property of life and an important factor in development 
Without growth no organism could exceed greatly the size of the egg from 
which it came Since all living organisms consist basically of cells and these 
have definite size limitations, increase in bulk dunng development naturally 
IS conditioned cell proliferation which produces more units to participate 
in growing Exceptional is the penod of cleavage (the initial step in de- 
velopment taken b> the fertilized egg), dunng which the onginally over- 
large egg subdivides into cells of ordmarj size, in this penod significant 
growth does not enter at all 

The Methods of Growth —Growth is accomplished in several wa>s 
Most important is the synthesis of new h\ mg matter (protoplasm) from 
foodstuffs In the last anal>sis, animals depend on plants for their proteins 
which are the building matenals out of which new protoplasm is con- 
structed Pigestive enz>mes split the proteins of food into ammo acids 
and these products are used by the cells in the processes of synthesis 

A second method of growth involves water uptake The amount of 
water in a living organism is veiy considerable, in the early weeks of its 
development the human embryo is nearly 98 per cent fluid The colloids 
within cells and between them have the capacity of imbibing water and 
swelling The abilit> to hold water and release it is governed in part by 
ionic concentrations 

A third method of growth is by the manufacture and deposit of non- 
living substances This material is of the nature of a protoplasmic trans- 
formation or ‘secretion ' It is usually located between cells and consists 
of jelly, fibers or the ground substance of cartilage and bone 

The Measurement of Growth —The amount of growth is expressed 
in absolute and nlativc terms, but comparisons are more easily made when 
the latter are employed Thus the absolute gam in weight of a lo-pound 
baby and a loo-pound youth might be t pound each, whereas the relative 
gains (expressed as percentages of the initial weights) would be 10 per cent 
against i per cent It is the same with grOiVth rates The absolute rate, in 
terms of any chosen unit of time, is the amount of increase during any 
penod divided by the length of that penod But compansons are more 
instructive if relative growth rates are computed This is done by dividing 
each absolute rate by the initial value (in weight, volume or length), the 
result expresses the relative rate m terms of the unit of measurement used 
Such computations show that a newboni rabbit and pig, though widely 
d^erent in weight, grow at the same relative rate, whereas the newborn 
sheep grows eighteen times faster than the human newborn which onginallv 
equals it in weight ^ 
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INTRODUCTION 


Like biology in general, embryology has passed through three stages 
The first was pure descnption and fact-gathenng At present it continues 
chiefly in the program of obtaining a well rounded account of human de- 
velopment, His and Kcibcl in Europe and Minot and Mall in Amenca were 
the original leaders in this endeavor The second stage was comparison, 
in which the observations on vanous animal types were classified and 
compared, and common trends and principles were sought The dominance 
of von Baer in comparative embryology has never been challenged De- 
scnption and companson received a great impetus m the last half of the 
nineteenth century from the then new theory of evolution, it was hoped 
that the full evolutionary history of an animal would be revealed in its 
embryonic development (p i8) The third stage, expenmental and 
analytical, is exemplified by Roux and Spemann in Europe and Morgan 
and Hamson in this country It is the most vigorous and promising branch 
of contemporary embryology 

GENERAL FEATURES OF DEVELOPMENT 

A multicellular anunal begins its development as a fertilized (« c , 
activated) egg Further progress depends upon (i) cell prohferatwn (2) 
growth, (3) morphogenesis, or molding of the body and its organs, (4) htsto- 
genesis, or cell specialization into tissues, and (5) integration, to produce 
a unified, working organism 


Cell Prouperation 

All cells anse from pre-existing cells by cell division Although a 
direct fission of the nucleus and cytoplasm is desenbed in certam old or 
specialized cells, this style (amiiosts) plays little or no r61e m development 
The ordinary metliod of cell division (iniiosts) has several distinctive fea- 
tures These include the reappearance from a state of dispersion of a char- 
acteristic number of chromosome bodies, their growth and spUttmg into 
double structures and the separation and accurate distribution of these 
components to the two daughter cells Each new cell acquires one complete 
set of chromosomes 

It seems like a long span from the egg to the trillions of cells that 
comprise the completed body of man, yet this prodigious final number can 
be attained quite readily by repeated cell division So rapid is the doubling 
process that some 45 generations (2“) of mitoses are suffiaent Of course, 
theoretical product is not realized in anj such mathematically precise 
fashion, since some cells multiply much more slowly than others while cell 
death also occurs along the way 
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The vanance in starting times and growth rates is responsible for what may 
be called the groj,th pattern 

The changes in the proportions of the bod> and its parts, due to unequal 
growth, are produced by (i) local differences in the growth intensity, (2) 
growth gradients, (3) reduction of the early dominance of antenor over 
posterior levels, U) functional demands, and (5) influence of the growth 
rate of a neighbonng part The visible nay in whicli differential growth 
accomplishes the progressive modeling of external and internal form can 
be illustrated sufficiently through two specific examples Figure 144 shows 
stages in the emergence of the limbs from initial, bud-like swellings Figure 
408 illustrates the earlj form changes undergone b> the brain while advanc- 
ing toward its final shape 

Many pertinent data have been collected concerning the growth rates 
of the human body and its organs during prenatal and postnatal develop- 
ment Analyses of these data have brought to light definite growth tend- 
encies and patterns Some of the more general conclusions, as presented 
b> Scammon, will be summanzed in the paragraphs that follow' 


Changes tn Sicc and f orm —The gronth and exiemil change? m a fetus subsequent to 
the second month are illustrated m Figure 3 If an adult maintained tlic cliubbj neuborn 
shape, his eight would be twice the amount it actuall) is Figure 4 shows the proportions 
of the body at various de\lopmental periods, all drawn to the same height Note the 
great decrease m the size of the head . the constanc\ of the trunk length the earb completion 
of the arms and the tardier grow th of the legs the upward shift of ilie umbilicus and sj’mphj sis 
pubis the downward trend of the midpoint of total length 
Certain of these facts are plainer when tabulated 


CHANGES IN RELATIVE SIZE OF THE PARTS OP THE BODY 
In per cent of the totnl bod\ volume 


Head and Neck 1 

Trunk 

Arms 

Legs 

43 

52 1 

S 

2 


44 

7 5 

1 5 


44 

8 

l6 

22 

51 

1 9 

18 

*5 

50 

9 

26 

lO 

52 

9 

29 


Second fetnl month 

Sixth fetal month 

Birth 

Two jears 

Six >e'irs 

Matuntj 


POSTNATAL INCREASE IN THE SIZE OF THE BOD\ AND ITS PARTS 
(In relation to their sizes at birth as umtv the range indicates the minimal and maximal increase 
of organs within each group) 


1 oluntary 
Musculalure 

Gemtal 

Organs 

Total Body 
Skeleton 
and Lungs 

Lymphotd 

Organs 

Major 

I tscera 

Cndocrine 

Organs 

Nenous 

System 

38 

28-38 

18-23 

3-21 

1 

2-13 

2-5 
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INTRODUCTION 


The gro^vth of one part often appear? to be quite out of step uith the 
growth of another part or of the organism as a uhole Yet, in general, such 
relations of sire or ?\ eight at any period fit into a simple type of mathe« 
matical formula which takes into account the amount of divergence between 
the growth progress of each part For example, the facial region of a baboon 
outgrows the cranial region so enormously that the newborn and adult 
skull seem to be unrelated Yet the dynamics of skull growth is a harmo- 
nious process throughout, and a fomiula may be devised that fits any stage 



Fig 3 — Dngram illustratins th« changes m size of the human fetus (Scammon incj C,ilkms) 



Fjc 4 — Diagram illustrating the changing proportions of the human bod> dunng prenatal and 
postnatal growth (Scaramon) 


Differential Growth — The development of an organism is character- 
ized by a progressive alteration of form and proportions, both externally 
and internally It is obvious that uniform growth cannot produce these 
changes Actually diversity of form is acquired through differential rates 
of growth operating in vanous regions and directions These rates may 
vary among individuals according to circumstance, but the ratios between 
the growth rates of different parts of the body are relatively constant It ' 
IS these fixed relations that produce similar final form in the countless 
individuals of an> species And this is accomplished in spite of the fact 
that different parts of the body appear and begin to grow at different times 
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The \ anance m starting times and grow th rates is responsible for w hat may 
be called the srod.ih pattern 

The changes in the proportions of the bod> and its parts due to unequal 
growth, are produced by (r) local differences in the growth intensity, (2) 
growth gradients, (3) reduction of the early dominance of antenor over 
postenor le%els, (4) functional demands, and (5) influence of the growth 
rite of a neighbonng part The \isible way m which differential growth 
accomplishes the progressive modeling of external and internal fonn can 
be illustrated sufficiently through two specific examples Figure 144 shows 
stages in the emergence of the limbs from initial, bud-hke swellings Figure 
408 illustrates the earl> form changes undergone bj the brain while advanc- 
ing toward its final shape 

hlanj pertinent data have been collected concerning the grow th rates 
of the human bodj and its organs during prenatal and postnatal dev’elop- 
ment Analyses of these data have brought to light definite growth tend- 
enaes and patterns Some of the more general conclusions, as presented 
bj Scammon, will be summanzed in the paragraphs that follow 

Changes VI Size and I onn — The growth and cMerml changes m a fetus subsequent to 
the second month are illustrated m Figure 3 If an adult mamtameci the chubb> newborn 
shape, his weight would be twice the amount it acttiallj is Figure 4 shows the proportions 
of the body *at tanoiis devlopmcntaJ penods, all drawn to tlie sime Jicight Note the 
great decrease in the sue of the Iicad the constanc> of the trunk length the earlj completion 
of the arms and the tardier grow ih of the legs the upw ard shift of the umbilicus and s>*mph>sis 
pubis, the downward trend of the midpoint of total length 

Certain of these facts arc plainer when tabulated 


CHAiVGES liV RELATfV'’E SIZE OF THE PARTS OF THE BOOT 
In per cent of the total bod\ aolume 


Age 

Head and Neck 

Triink 

■inns 

Legs 

Second fet il month 

43 




Sixth fi.tal month 





Birth 

3 “ 

44 

1 8 


Twojears I 

22 

5 > 

9 

18 

Six\ears 

15 

0 ° 

9 


M itunti j 

10 


9 

29 


POSTNATAL INCREASE IN THE SIZE OF THE BOD\ AND ITS PARTS 
(In relation to their sues at birth as unitj the range indicates the minimal and maximal increase 
of organs within cxch group) 


1 otunlary \ 
Musculature 

Cemtal ^ 
Organs 

Total Body j 
Skeleton 
and Lungs , 

Lymphoid ' 
Organs 

V/fljor 

I tscera 

Endocrine 

Organs 

Nervous 

System 

3S 

28-38 

18-23 

3-21 

12-15 

2-13 
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INTRODUCTION 


The growth of one part often appears to be quite out of step with the 
growth of another part or of the organism as a whole Yet, in general, such 
relations of size or weight at any period fit into a simple type of mathe- 
matical formula w hich takes into account the amount of divergence between 
the grow th progress of each part For cvample, the facial region of a baboon 
outgrows the cranial region so enormously that the ncivbom and adult 
skull seem to be unrelated Yet the dynamics of skull growth is a harmo- 
nious process throughout ind a fomiula may be dev iscd that fits any' stage 



Fig 3— Diagram illustrating the changes m size of the humm fetus (Scammon and Cilkins) 



Fio 4 —Diagram illustrating the changing proportions of the human body dunng prenatal and 
postnatal growth (Scammon) 


Differential Growth — The development of an organism is character- 
ised by a progressive alteration of form and proportions, both externally 
and internally It is obvious that uniform growth cannot produce these 
changes Actually diversity of form is acquired through differential rates 
of growth operating in various regions and directions These rates may 
vary among individuals according to circumstance, but the ratios between 
the growth rates of different parts of the body are relatively constant it ' 
is these fixed relations that produce sumlar final form in the countless 
mdividuals of any species And this is accomplished in spite of the fact 
that different parts of the body appear and begin to grow at different tunes 
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The vanance in starting times and growth rates is responsible for what may 

be called the gro'di/j 

The changes in the proportions of the body and its parts, due to unequal 
growth, are produced by (i) local differences in the growth intensity, (2) 
growth gradients, (3) reduction of the early dominance of antenor over 
postenor le\els, (4) functional demands, and (5) influence of the growth 
rate of a neighbonng part The \isible waj in which differential growth 
accomplishes the progressive modeling of external and internal form can 
be illustrated sufficiently through two speafic examples Figure 144 shows 
stages in the emergence of the limbs from initial, bud-lihe swellings Figure 
40S illustrates the earlj form changes undergone b> the brain while advanc- 
ing toward its final shape 

Alany pertinent data have been collected concerning the growth rates 
of the human body and its organs during prenatal and postnatal develop- 
ment Analyses of these data have brought to light definite growth tend- 
encies and patterns Some of the more general conclusions, as presented 
by Scammon, will be summanzed in the paragraphs that follow 

Changes vi Size and rorm — 'llie growth and external changes m a fetus subsequent to 
the second month are illustrated m Figure 3 If an adult mamtamed the cliubbj newborn 
shape, his weight would be twice the amount it actuallj is Figure 4 ^hows the proportions 
of the body at aanous detlopmcntal periods, til drawn to the same height Note the 
great decrease in the size of the head tlic conaianc\ of the trunk length , the earlj completion 
of the arms and the tardier grow th of the legs, the iipw ard shift of tlie umbilicus and symph> sia 
pubis the downward trend of the midpoint of total length 

Certain of these facts are pUtner when tabulatc^l 


CHANGES IN RELATIVE SIZE OF THE PARTS OF THE BODY 
In per cent of the total body lolumc 


Age 

Head and Neck 

Trunk 



•Si-cond fetal month 

1 1 

4 a 1 

52 

- j 

2 

Sixth fetal month 


44 


J 2 5 

Birth 

32 1 

44 

1 B 1 

10 

Two years 

22 1 

51 

' ^ 1 

IS 

Six y ears 

»5 1 

ao 

9 1 

26 

Nlutiinty 

10 

1 52 

1 9 1 

1 1 

29 


POSTNATAL INCREASE IN THE SIZE OF THE BODY AND IIS PARTS 
(In relation to their sizes at birth is unity the range indicates the minimal and maximal increase 
of organs within each group) 


I oluntary 
Musculature 1 

Genital 

Organs 

Total Body 

1 Skeleton 
and Lungs 

Lymphoid 

Organs 

1 

Major 

Viscera 

Cndocrine 

Organs 

Nenous 

System 

38 

28-38 

iS-23 j 

3-21 

12-15 

2-13 1 

2-5 
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Increase v\ Surface Area — ^The rehtion of surface area to body mass or volume has a 
profound mfluence on the rate of both metabolism and heat loss This relation shifts greatly 
during the postnatal penod At birth the surface area averages 22cx>sq cm This is doubled 
in the first year, trebled by the middle of childhood, and increases ripidlj before pul>crtj 
At matunty the total postnatal gam is seven fold Since, however, the weight of the body 
has increased some twenty fold in the same time, it is obvious that there has been a relative 
loss Thus, in the newborn there arc over 800 sq cm of shin per kilogram of body weight, 
while m the adult there are less than 300 sq cm per kilogram 

Increase i« U etg/il — Dunng prenatal life weight increases sit billion times, wherca. 
from birth to matunty the increment is only twenty fold In absolute mass, however, 93 
per cent of the final weight is acquired after birth The ratio of increase dunng each fetal 
month to the weight at the beginning of that month is shown m the table on p 115 It ir 
an astoruslung fact that if the bod> continued to prow ev en at the grcatlj reduci^ rate dunng 
the last fetal month, the weight of the adult would betwotnllions times that of the earth 
Increase tn Length — Embryos between four and nine weeks old grow i mm each day, 
for the rest of mtra uterine hfe the daily gam in sitting height is about i s mm Growth in 
length and in weight have certain features m common, although the relative increase in 
length IS obviously smaller smee weight measures mass which extends m three dimensions 
The ratio of the increase in length each week or month to the length at the beginnmg of that 
penod IS shown m the table on p nS Dunng the first year after birth, length mcrcaser 
50 per cent The total postnatal increment is 3 3 times the length at birth Throughout 
most of childhood the linear increase is very slow (6 to 7 cm a >ear), but at the prepubertal 
penod there is an acceleration, as with weight, this is begun and ended earlier m girls than 
in boys Growth tn length is complete at about 18 years m females and soon after 20 m males 
The body is heaviest m proportion to its length dunng late fetal life and early infancj 
From the middle of the first year until after puberty there is a decline m this ratio Therc> 
after there is an increase m relative mass which may continue throughout hfe Except at 
the pubertal penod, girls are relatively lighter than boys 

Groulh of the Organ — The skeleton grows rather slowly until the last two fetal 

months, whereupon it shows an acceleration At birth it constitutes from 15 to so per cent 
of the body weight Postnatal growth of the skeleton apparently parallels that of the body 
as a whole The musculature likewise grows slowly at first, but represents about 25 per 
cent of the weight of the newborn and 40 to 45 per cent of the adult The blood vessels 
show the same general trend The central nervous system, on the other hand, is relatively 
huge m the young embryo It decreases from about 25 per cent m the second month to 
about IS per cent at birth and 2 s per cent m the adult The peripheral nervous system 
likewise undergoes a considerable reduction in relative weight dunng the postnatal years 
The skill (mcludmg the subcutaneous fat) increases m relativ e weight up to birth (26 per 
cent ) and shows little change thereafter As a whole, the viscera decrease slowly and steadily 
m relative weight after the first two embryonic months In the second prenatal month 
these organs compnse about 15 per cent of the total body weight, there is a reduction to 
about 9 per cent at birth and 5 to 7 per cent in the adult 

Growth of the Organs —Although the general course of relativ e growth m the mdn tdual 
organs follow s that of the visceral group as a whole, each has its charactenstic curve Every 
fetal organ tends to mcrease more or less rapidly to a maximum relative size, and then to 
decrease throughout its subsequent history even to matunty 

Dunng fetal hfe the curves of absolute growth are much alike The vanous organs 
have an imtial penod of slow increase, followed after the fifth month by a terminal phase of 
rapid growth This uniformity, however, disappears at birth when most of the organs can 
be arranged m four main groups their postnatal growths are shown graphically m Figure 5 
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Factors Controlling Growth —Certain factors make growth possible 
and control it Among these, the following require comment 

The ConsUtutional I actor — ^Everj' animal species has its characteristic 
rates and limits of grow th Under identical conditions of development the 
speed of growth is approximately the same in all individuals of a species, 
and there is little di^erence in the final size attained This is due to in- 
hented qualities that predispose toward a definite basic rate of cell division 
and growth It should be emphasized, however, that the onginal rate 
undergoes characteristic alterations in different regions of the embryo as 
the cell strains specialize 
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Heorfll Type ( ) 

hmtn end perfj Dora 
Spjrtol cord Cpfic eppcrcfvf, 
head dimensions 

General Type ( ) 
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Ceniiil Type ( ) 

'Jhtis Qrary Dpididomis 
U/ennetuSe DvMenvSlisiliCUT/linr 
Jasnaal wicles 


djpe in 

TrC 5 — ChTrt showing the course o£ postnitxl growth m the \anous organ types (Scammon) 
Growth IS calculated m relation to adult weights as lOo per cent 


Tcvtpcraturc —VI ithin hmits, the grow'th rates vary with the temper- 
ature Each species has its cntical maximum and minimum at which 
development ceases Somewhere between these extremes lies the most 
favorable temperature 

Nuiniioual Factors - — New protoplasm has to be created throughout 
life, and the amino acids are the building materials out of which this syn- 
thesis IS accomplished The body can make some of its own ammo acids, 
but others must be obtained in the food proteins Certain of them favor 
gronth, but not tissue differentiation The requirements for growth 
through new tissue-building are more exacting than those that suffice for 
the maintenance and repair of protoplasm already on hand At least one 
amino acid is required in the diet of the growing young beyond those that 
the adult needs in its diet to repair tissue losses due to functioning 


lo INTRODUCTION 

Increase tn Surjace Area —The relation of surface area to body mass or volume has a 
profound mfluence on the rale of both metabolism and heat loss This relation shifts greatly 
dunng the postnatal penod At birth thesurfacearcaaverages asoosq cm This is doubled 
m the first year, trebled by the middle of childhood, and increases rapidly before pulierty 
At matunty the total postnatal gam is seven fold Since, houever, the ucight of the body 
has increased some twenty fold m the same time, it is obvious that tlicre has been a relatii e 
loss Thus, m the neubom there are over 800 sq cm of skin per kilogram of body weight 
while in the adult there ore lass than 300 sq cm per kilogram 

Increase tn ircig/if —Dunng prenatal life weight mcraa'cs six billion times, whereas 
from birth to matunty the increment is only twenty fi»!d In absolute mass, however, 95 
per cent of the final weight is acquired after birth 1 he ratio of increase dunng each fetal 
month to the weight at the beginning of that month is shown m the table on p 115 It is 
an astonishing fact that if the body continued to grow even at the greatly reduced rate dunng 
the last fetal month, the weight of the adult would be two tnllions tunes tint of the earth 
Increase jm Lengifi —Embryos between four and nine weeks old grow i mm each day , 
for the rest of mtra utenne life the daily gam m sitting height is about x 5 mm Growth m 
length and m weight have certain featurer m common, although the relative increase m 
length IS obviously smaller since weight measures mass which extends in three dimensions 
The ratio of the increase m length each week or month to the length at the licgmnmg of that 
penod IS shown in the table on p 115 Dunng the first year after birth, length increases 
50 per cent The total postnatal increment is 33 times the length at I>irth Throughout 
most of childhood the linear mcrease is very slow (6 to 7 cm a year), but at the prepubertal 
penod there is an acceleration, as with weight, this is begun and ended earlier in girls than 
in boys Growth in length is complete at about 18 years in females and soon after so m males 
The body is heaviest m proportion to its length dunng late fetal life and early infancy 
From the middle of the first y tar until after puberty there is a decline m this ratio There 
after there is an mcrease m relative mass which may continue throughout Jjfe Except at 
the pubertal penod, girls are relatively lighter than boys 

Crou.ih of the Organ Sysiems-~Tht skeleton grows rather slowly imtil the las.t two fetal 
months, whereupon it shows an acceleration At birth it constitutes from 15 to j© per cent 
of the body weight Postnatal growth of the skeleton apparently parallels that of the body 
as a whole The musculature bkewise grows slowly at first, but represents about 25 per 
cent of the weight of the newborn and 40 to 45 per cent of the adult The blood vessels 
show the same general trend The central nervous system, on the other hand, is relatively 
huge m the young embryo It decreases from about 25 per cent m the second month to 
about IS per cent at birth and 2 5 per cent m the adult The peripheral ncrxous system 
likewise undergoes a considerable reduction m rdativ e weight dunng the postnatal y ears 
The skill (including the subcutaneous fat) mcreases in relative weight up to birth (25 pgr 
cent ) and hows little change thereafter As a whole, the uscera decrease slow ly and steadily 
m relative weight after the first two embryonic months In the second prenatal month 
these organs compose about 15 per cent of the total body weight, there is a reduction to 
about 9 per cent at birth and J to 7 per cent m the adult 

Croulh of the Organs — Although the general course of relative growth in the mdiv idual 
organs follow s that of the visceral group as a whole, each has its charactenstic eurv e Ev ery 
fetal organ tends to mcrease more or less rapidly to a maximum relative size, and then to 
decrease throughout its subsequent history even to matunty 

During fetal life the curves of absolute growth are much alike The various organs 
have an initial period of slow increase, followed after the fifth month by a terminal phase of 
rapid growth This umformity, however, disappears at buth when most of the organs can 
be arranged m four mam groups their ponnatal growths are shown graphically m Figure 5 
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growth Why, then, does growth of the same cells m an organism become 
slowed or limited’ 

The total agencies determining growth rates and size limitation arc 
many and unlike, so that a few comments must suffice There is a funda- 
mental antagonism between cell differentiation and cell proliferation, since 
the factors that promote differentiation make proliferation increasingly 
difficult (p 16) Many cells reach a level of specialization at which they 
rarely divide, and some never do so, all this is bound up with the general 
phenomenon of aging As coll differentiation proceeds during devefopment, 
increasing numbers of them pass beyond the stage where mitosis is easy 
or even possible This automatically decreases the rate of relative grov.th 
Another check on growth is cell destruction, the growth of certain organs, 
such as epidermis, blood and some glands, is offset bj cell losses Again, 




Fig 6 — Growth irregulanties /I, UnjUteral jngnntism or homih>{)crtrophy IS, 
gigantism C Tchon<lroplaj>tiL df arf 


the cessation of growth in the long bones of birds and mammals is ap- 
parent!} due to hormonal interference 


Abnormal Grow th — The mass of an indit idual is largelj set by the size of his st elcton, to 
Vihich the soft parts cotdorm Gigantism {maerosomid) and dwarfism (rnicrotoniia) designate 
conditions that he outside the normal size ran^e 

General gigantism, or excessne height, is due to an abnormal length of the long bones 
and, to a less extent, of the vertebnc It uMiallv starts before birth, and the o\ersizefI nei - 
bom continues to grow at more than the ascrage rate On the other hand, an herc^litary 
predisposition toward gigantism may be arrjuserl into action at some time dunng childhofxl 
or adolescence b-v an infectious disease or other agent In rare instances, the groi-th ts 
unequal m the two fuhes of the body (Fig 6 A) and gigantism may ei-en be confined to 
specific regions (B) The basic cause of gi^tism is an o\ crprofluciton of the gro th 
hormone secreted by the hypophysis As grovth proceeds, a •'econd /actor comes into play 
as a contributing cause This is a delay m the closure of the growth centers (cpiphy'es) 
at the ends of the bones, which extends the normal growth pen^^Kl An hercflitary i^uence 


12 


INTRODUCTION 


Food must not only be suitable but also adequate in amount if grouth 
IS to occur There is a minimum below which growth fails Above this 
level growth accelerates, but it cannot exceed an optimum rate, character- 
istic of the organism, even if an excess of food is available 

GroiVth-Prouwiing factors— Certam substances which are not food- 
stuffs further the processes that result m the production of new proto- 
plasm 

The Embryonic Factor— Tissues cultivated outside the bod> thnve 
better if juices extracted from an embryo arc added to the nutnent medium 
These extracts increase mitoses and shorten the time taken by each mitosis 
There is a strong suggestion that definite cytoplasmic cocnz>mes arc 
involved Since cell proliferation is a prerequisite to the growth of an 
organism, the presumed similar influence of this factor withm an embrjo 
is significant though indirect 

Hormones — Some of the secretions elaborated by the ductless glands 
are regulators of growth The thyroid hormone raises the rate of cell 
metabolism, presumably by acting as a catalyst to increase oxidative 
processes It is essential for maintaining a normal level of metabolism 
In deficient or excess amounts growth may be affected but the results 
vary with the kind of animal and tissue Thus a young mammal, deprived 
of its thyroid, remains small and undeveloped m some wa>s whereas a 
tadpole grows slowly When an excess is fed to a tadpole, only certain 
parts of the body respond by unusual grow th 

One of the hormones produced by the antenor lobe of the hypophysis 
stimulates the growth of vanous tissues Removal of the hypophysis in 
young animals results in retarded growth, while injections of the growth 
hormone into normal animals lead to generalized gigantism Another 
hypophyseal hormone stimulates speafically the gonads while the ovanan 
follicles, thus made to grow, control and mamtam the cyclic growth of the 
genital tract 

Vitamins — These are accessory food substances which on the whole 
animals cannot make and have to obtain in their plant foods Their actions 
are after the manner of chemical catalyzers and the amounts required are 
insignificant in companson to the effects induced In the absence of 
vitamin A the young animal fails to gam weight, although its skeleton 
does grow Vitamin B2 exerts a speafic influence on growth and without 
it growth cannot take place 

Growth-Arresting Factors — ^Birds and mammals cease growing when 
they have attained a certain charactenstic age and size Even cold-blooded 
animals, which grow throughout their entire life spans, do so at greatly 
reduced rates Embryonic cells grown in tissue culture and supplied with 
adequate food, have an infinite capaaty for continued proliferation and 


HISTOGENESIS I S 

sequence, each part merely using whatever method may be appropnate 
to Its needs at the moment Viewed as a whole, the assumption of form 
starts simply, becomes rapidly a scene of seeming confusion as many changes 
get under way, and then gradually stabilizes as the pnncipal maneuvers 
are executed Following this early penod of great activity of diverse hinds, 
the later and longer penods of development are charactenzed by a much 
more leisurely perfecting of form 

The more important of the morphogenetic processes are the following 
(Fig 8) (i) cell mtgralwn, (2) cell asgregauon, forming (al masses, (b) cords 
and (c) sheets, (3) localKid groJith, resulting in (a) enlargements of vanous 
kinds and (b) constrictions, (4) sfbtlmg, which includes the delammation 
of single sheets into separate layers the cavitation of cell masses and the 
forking of cords, (s) folding including cirtumscnbcd folds which produce 
(a) et aginations or out-pocketmgs, and (b) invaginations, or in-pocketings 
Differential growth, resulting in enlargements and folds of all sorts, is the 






Fig 8 — Stereogram jllustnting the morplioj,cnetic processes Isumberetl in text 

chief process utilized by the embryo in molding its general form and pro- 
ducing new organs The xvord prvnordittm (or its German equivalent, 
anlagc) is a term applied to the first beginnings of a future organ or part 
beiore it has taken on its charactcnstic features Thus the ectodermal 
thickening in front of the optic cup is the pnmordium of the lens, as is the 
arm bud of the arm 

Histogenesis 

All the cells of a germ layer are at first alike in visible structure and 
lack of specific shape, but they progressively assume distinctive characters 
which permit their fates to be foretold At this early penod of differentiation 
m form and structure they are often designated by the suffix -blast Thus 
a neuroblast will in due time complete its differentiation into a nerve cell, 
and a myoblast into a muscle cell The specializations that cells undergo 
in form and structure are conformable mth the particular functions they 
will pertorm and in fact, anticipate these functions Cells of the same 
specialized type occur in larger or smaller groups and, thus set apart come 
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IS usually a factor m the production of pants, and endocrine disturbances tend to show in 
the family line 

Dwarfism is commonly caused by undersecretion of certain endocrine filands In one 
form deficient secretion of the grow th hormone of the hypophysis is responsible The under- 
size may date from birth, or retanlation may follow an infectious disease occurring at about 
the time of puberty The proportions of the skeleton are not far from normal Another 
type, related to the thyroid, is characterized by short arms and legs The centers of ossi- 
fication of these parts appear late and powth is sluggish Such dw orfs are known as creUm, 
they tend to oven\ eight and low mentality Other types of dw arf arc relatetl to constitutional 
causes (defecti\ e genes) , congenital syphilis and dietarj deficiencies A cliondroplastie dwarfs, 
of unknowm cause, ha\e short extremities, a relatively large head and protruding buttocks 
and abdomen (Fig 6 C) 


Morphogenesis 

The fertilized egg subdivides into numerous cells, more suitable in 
size to serve as the building units of the future embryo At this point 
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Fig 7 — Germ layers of early embrj os A Stereogram of the head half of a frog embrjo (X 15) 

B, Section from an early human embryo {X 400) 


differential cell movements arrange the formative cells into three super- 
imposed plates, the pnmary germ layers From their positions they are 
termed the ectoderm (outer layer), mesoderm (middle layer) and entoderm 
(inner layer) (Fig 7 A ) ^VhlIe the ectoderm and entoderm remain chiefly 
as sheets exposed on one surface (» e , cptlhelta) the mesoderm forms most 
of a diffuse spongework of cells that is a primitive filling-tissue known as 
mesenchyme {B) Such are the matenals out of which the embryo organizes 
Differentiation has two meanings One refers to a change in the shape 
and organization of the bod> and its parts {morphogenesis) , and the other to 
a change in the substance and structure of the cells themselves {histogenesis) 
Differentiation in general, is favored by the thyroid influence and by 
certam amino acids Morphogenesis includes all of the changes during 
development that mark the moldmg of the body and its organs mto form 
and pattern The processes employed by morphogenesis are relatively 
sunple acts Although diverse in nature they occur in orderly and logical 
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are producing cytoplasmic elaborations of a physical nature tend to lose 
the plasticity that is requisite to mitosis The cell ty pes resulting from the 
processes of differentiation are discrete entities, uithout transitional forms, 
that IS, an intermediate between a muscle cell and nerve cell is never seen 
Neither can one region of a cell speaalize in one direction (c g , muscle) 
and another region in a different direction (i g , nerv'e) Once a cell becomes 
committed to any type of differentiation it cannot at the same time engage 
in another kind, nor can a cell abandon its onginal line of specialization 
and change to a different course Moreover, any particular course of 
differentiation must be pursued in the distinctive nay that ch.iractenzcs 
the species to vi hich an embry o belongs 

The path followed by cells during histogenesis shows cirtain trends 
which become evadent when the conditions at the beginning and at the end 
of differentiation are contrasted 

Trends from Earlier Slnj^es of Cells to tord Later Stag^es {after H etss) 

From Tof\ard 


unifonnjU (of sue structure and Ctp-icittes) 

di\ersit\ 

itregulanty (of shape) 

re{ ulantv 

% agueness (nondisUnctiN e shape and quahtie* ) 

definiteness 

dispersion (through nhole embrvo or pnrt) 

localuation 

\anabilitj (random arrangements or pittems) 

sUbihtv 

generality (pnmitiv « charactenslics and qualities) 

specialization 

plasticity (or adaptability) 

ngiditv 

mobility (ameboid and other shifts of po<ition) 

immobility 

simplicity (of structure and function) 

compleaitj 


Integration 

Morphogenesis and histogenesis are decentralizing processes ^\hlch 
rcS)Ol\ e the earl> embr> o into a mosaic of organs and parts During the 
course ot development the organs become independent of former unifying 
controls, existent from the time of the egg Although the nev. organs and 
organ sj stems possess structural coherence and unit}, thej need to be 
reintegrated into co-operative working mechanisms This control is sup- 
plied in part b^ the system of mdoerme glands Their role in activating, 
synchronizing and co-ordinating, b> making use of the bod> fluids as 
earners of their specific chemical substances is important both among the 
later developmental phenomena and in ordinary physiological action The 
other integrating instrument is the ncr^om 5}sUm which constitutes the 
pnmaryr mechanism of phy siological control and co-ordination 

The supplying of organs with adequate nervous, vascular and hormonal 
influences is a decisive factor in causuig development to pass from a prc~ 
Juuchoital pitiod, which is preparatory and anticipatory m nature, to a 
fxincUonal period of actual (or potential) performance The time of this 
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to be known as tissues There are four mam groups of tissues Each of 
the germ layers gives rise to shcet-like cptlltclia, in addition, the ectoderm 
forms nervous tissue while the mesoderm produces the different kinds of 
muscle and the vanous caimective tissues The total process by which cells 
differentiate into distinctive kinds and assume specific tissue characters 
IS included in the term histogenesis The histogenesis of an individual 
tissue summates all the departures it has made from the kind of cell it once 
was In doing this the specific differences that separate it from other 
specialized cells which it once resembled arc brought into sharp relief 
Illustrative of histogenetic differentiation is the historj of the onginally 
single-layered ectoderm These cells proliferate and gradually change 
their form and character as they produce the layers of the epidermis (Fig 
370) More specialized are the hairs, nails, lens of the eye and enamel of 
the teeth Glandular denvatives of the ectoderm vary from the sweat and 
grease glands of the skin to the more highly organized tissue of the mam- 
mary ghnd salivary glands and anterior lobe of the hypophysis Other 
local specializations produce the sensory epithelium of the organs of smell, 
taste, heanng and vision, and the smooth muscle elements of the ms Part 
of the primitive ectoderm becomes the thickened neural plate, from which 
both nerve cells and supporting elements nnse, a diagram of the lineage of 
these cells will illustrate a typical course of cell diversification during 
histogenesis (Fig 387) 

Cell growth and division are an integral part of the complete picture 
of tissue differentiation as it actually operates Both daughter cells of a 
mitosis may continue to divide and grow , both may enter on differentiation , 
or one may continue as a proliferative cell and the other begin its differenti- 
ation A differentiating cell may, for a time at least, interrupt its special- 
ization and return to cell division Cell differentiation within an embryo 
proceeds on different time schedules Some lines advance steadily and 
rapidly toward their end stages Other strains start later, are character- 
istically slower or indulge in rest intervals Individual cells of many lines 
undergo arrest before completing their differentiation and persist indefinitely 
as reserve elements Their differentiation, and usually division, can be 
resumed at any subsequent time at the call of an appropnate stimulus 
In a tissue such as the epidermis the basal ceUs continue as proliferative 
stem cells throughout life From them arise cells which move to higher 
levels and progressively specialize die and shed In nervous tissue on the 
other hand, all of the neuroblasts differentiate into mature neurons and a 


There is a certain antagonism between ceU division and cell differenti- 
ation Cells undergoing rapid division are in a state of turbulence which is 
unfavorable to cytoplasmic specialization On the other hand, cells that 
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are producing cytoplasmic elaborations of a physical nature tend to lose 
the plasticity that is requisite to mitosis The cell types resulting from the 
processes of differentiation are discrete entities, without transitional forms, 
that IS, an intermediate between a muscle cell and nerve cell is never seen 
Neither can one region of a cell specialize in one direction (c g , muscle) 
and another region in a different direction (c g , nerve) Once a cell becomes 
committed to any type of differentiation it cannot at the same time engage 
in another kind, nor can a cell abandon its ongmal line of specialization 
and change to a different course Moreover, any particular course of 
differentiation must be pursued in the distinetive way that characterizes 
the species to which an embry o belongs 

The path followed by cells during histogenesis shows certain trends 
which become evident when the conditions at the beginning and at the end 
of differentiation are contrasted 

Trends jrom Earlier Slages of Cells lodard Later Stages {after H etss) 

From Tow-ird 


uniformity (of size structure and CapTciiics) 

divcrsitv 

irregulantj (of shape) 

regularity 

vagueness (nondistinctive slnpe and qualities) 

definiteness 

dispersion (through i\hole embryo or part) 

localization 

variability (random arrangements or patterns) 

stability 

generality (pnmitne chirTctenstics and qiulities) 

specialization 

plasticity (or adaptability ) 

ngidity 

mobility (ameboid and other shifts of position) 

immobility 

Simplicity (of structure and function) 

comploaity 


Integration 

Morphogenesis and histogenesis are decentralizing processes which 
resolve the early embrjo into a mosaic of organs and parts Dunng the 
course of development the organs become independent of former unifying 
controls, existent from the time of the egg Although the new organs and 
organ systems possess structural coherence and unity, they need to be 
reintegrated into co-operative ^\orklng mechanisms This control is sup- 
plied in part by the system of endocrine glands Their role in activating, 
synchronizing and co-ordinating, by making use of the body fluids as 
earners of their specific chemical substances, is important both among the 
later developmental phenomena and in ordinary physiological action The 
other integrating instrument is the nervous system which constitutes the 
pnmary mechanism of physiological control and co-ordination 

The supplying of organs with adequate nervous, vascular and hormonal 
influences is a decisive factor in causing development to pass from a pre- 
juncHonal period, which is preparatory and antiapatory m nature, to a 
functional period of actual (or potential) performance The time of this 
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transition vanes greatly in different organs, growth and differentiation 
continue into the functional penod 

ANCESTRAL REPETTnONS 

The theory of rccaptlulaiton long taught that an individual in the 
course of its development passes through successive stages that approximate 
the senes of adult ancestors from which it is descended This repetition of 
ancestral stages was said to be crowded back in development and abbrevi- 
ated, but nonetheless to present phylogeny in review The theory would 
insist, for example, that the embryonic organs and parts of a mammal pass 
through adult fish-like, amphibian and reptilian phases before the mam- 
malian states are attained It also asserts that the vanous adult types of 
ancestors have been able to leave their impnnt on the style of development 
used by their descendants In short, during its life history ‘every animal 
climbs up Its family tree ’ This doctnne goes beyond the facts 

Embryos of different groups do resemble one another in the early 
stages of their developments, but this resemblance tends to dimmish pro- 
gressively as they advance toward their final forms Moreover, a fish, 
reptile and mammal do not start alike and pass through the same stages, 
they are individualistic from their beginnings The similanties that exist 
are good proofs of a common origin, while the repetition of like ancestral 
features in the development of different animals is due to the presence of 
the same hereditary factors in the several kinds of fertilized eggs and the 
development of these eggs under conditions that permit those features to 
appear An embryo of a reptile, bird or mammal does not possess gill 
arches like an adult fish, but only like those of a fish at a corresponding 
stage of development All that can be maintained is that the development 
of any individual may more or less recapitulate the style of development 
that its ancestor used Stages may be omitted, sequences altered, larval 
specializations interpolated and new structures developed 

Some of the structures appearing during development are apparently 
useless survivals {e g , tail), but caution is indicated m judging individual 
cases since it is doubtful whether any part is retained for long in the evolu- 
tionary time scale unless it is either useful or wholly insignificant For 
example, the first kidney (pronephros) formed by the embryo of a higher 
vertebrate does not function as such, yet its tubules unite to produce a 
duct which grows caudad If the progress of this duct is blocked, the 
second kidney (mesonephros) and permanent kidney (metanephros) never 
develop because an essential stimulus is lacking Certain ancestral organs 
abandon their original embryonic function, yet are retained and utilized 
for new purposes {e g , mesonephric tubules and ducts become the permanent 
sex canals of the male) Other parts make their appearance, only to change 
at once into quite different structures (e g , gill pouches into thymus and 
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parathyroids), since these are necessary organs it is understandable why 
in this instance the embryonic pouches appear e\en though they are never 
respiratory in function 

Some embrjonic organs neither disappear nor take on permanent 
function, but rather persist throughout life as nearly 200 sueh 

have been listed for man Many of these are doubtless on their na> toward 
elimination from the developmental course Somewhat different are 
alaastic characters, or ancestral reversions These are features that normallj 
have bren dropped from development but may, on occasion, reappear 
They are due to the inheritance of genes which are able to reassert them- 
selves whenever the proper embryonic conditions are re-established 

The various ancestral, embryonic traits that recur in human develop- 
ment represent features that first appeared in lower embiyos of the verte- 
brate stock and have persisted as survivals Such common characters 
argue eloquently for common ancestry However incomplete their de- 
velopmental review may be, the fact remains that the stages encountered 
constitute the only record that supplies any significant information as to 
how the human speaes may have reached its present state 


TERMS DESCRIBING ANATOMICAL RELATION 
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TERMINOLOGY 

In descnbmg development it is neccss-uy constantly to employ words denoting the 
position of one part with reference to another, or to the body as a whole The logical usage 
tabulated here is common to embryology and comparative anatomy Tiic terms superior 
and viferior, anterior and posterior, os used m adult human anatomy, arc unfortunate choices 
based on man’s erect posture and peculiar locomotion 

A few examples will illustrate the proper aiiplication of these terms The backbone lies 
dorsally, the breast bone is leiilral to it The neck attaches to the cranial end of the trunk, 
while the latter extends caiidad from the neck The noai occupies the sagittal plane, it is 
niestal to the cheek which for its part is placed more lalera!l\ The wnst is distal to the 
elbow, while the elbow is provvnnl to the urtsl A nerve is traced distad toward its ending 
(Sagittal, frontal and horizontal planes he w ilh respect to each other as do any t lircc adjoining 
surfaces of a cube ) 
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THE SEX CELLS 

The development of a multicellular animal is prefaced by the formation 
and ripening of the se\ cells which mil unite and give it origin These 
germ cells, or gaiiirto, are generated mthin the se\ glands of the male and 
female parents and are termed spcnimloMoii and ouim, respectively The 
ovum, or egg is a generalized type of animal cell produced in the female 
se\ gland which is named the o^ary Quite different is the spermatozoon 
which differentiating in the tesits, or male gland, is a highlj modified and 
atypical cell It is the purpose of this chapter to desenbe how these two 
elements develop and mature 

Origin of the Sex Cells — First of all it is important to inquire how 
closely tVeismann's belief in a separate germ plasm (p 4) agrees with 
actual observations In some lower animals certain cells are set apart 
early as progenitors of the future sc\ cells and it can be show n clearly that 
e\ ery egg or sperm anses from these cells and from no others For example, 
when an embryo of the worm, Ascans, consists of but two cells this special- 
ization into germinal and somatic lines is distinguishable, at the 16-cell 
stage, one cell definitely limits itself to the further formation of nothing 
but sex cells, it is the first primordial girm cell Similarly , in the early 
vertebrate embryo there can be recognized large, pale cells (often located 
at first relatively far from the sex glands) which appear comparable In 
man and other mammals they are identified earliest in the y-olk-sac ento- 
derm, near the caudal end of the body', from there they migrate forward 
through the mesenchyme of the mesentery and into the genital ndge which 
soon becomes the sex gland (Figs 252 B and 259 A) 

The nuclear behavior of primordial germ cells in vertebrates indicates 
that they are truly comparable to sex cells, yet their role and fate are dis- 
puted ‘ Some claim they are indeed the sole progenitors of all future sex 
cells, even though the early generations of sex cells denved from them 
may tend to pensh and disappear Others view the pnmordial cells as an 
ancestral type of parent germ cell that either is no longer concerned with 
the actual formation of present-day eggs and sperms or that at least shares 
this function wnth cells from another source These latter elements are 
held to originate by the proliferation of indifferent cells located in the 
‘germinal epithelium’ which surfaces the sex gland It makes no practical 
difference whether the sex cells are special elements set apart at an early 
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The development of a multiccllulnr animal is prefaced b> the formation 
and ripening of the sev cells nhich will unite and give it ongin These 
germ cells, or are generated within the sev glands of the male and 

female parents and are termed spirmaiocoott and Ot-wn, respective!} The 
ovum, or egg, is a generalized tjpe of animal cell produced in the female 
sev gland which is named the o^ary Quite different is the spermatozoon 
which, differentiating m the ieshs, or male gland, is a highh modified and 
atypical cell It is the purpose of this chapter to describe how these two 
elements develop and mature 

Origin of the Sex Cells — First of all, it is important to inquire how 
closely Weismann’s belief in a separate germ plasm (p 4) agrees with 
actual observations In some lower animals certain cells are set apart 
early as progenitors of the future sev cells, and it can be shown clearl> that 
every egg or sperm anses from these cells and from no others For evample, 
when an embryo of the worm, Ascans, consists of but two cells this special- 
ization into germinal and somatic lines is distinguishable, at the 16-cell 
stage, one cell definitel) limits itself to the further formation of nothing 
but sev cells, it is the first primordial germ cell Similarl}, in the tarlv 
vertebrate embiyo there can be recognized large, pale cells (often located 
at first relatively far from the sev glands) which appear comparable In 
man and other mammals they are identified earliest in the y olk-sac ento- 
derm, near the caudal end of the body, from there the> migrate forward 
through the mesenchyme of the mesentciy and into the genital ndge which 
soon becomes the sev gland (Figs 252 B and 259 A) 

The nuclear behavior of primordial germ cells in vertebrates indicates 
that they are truly comparable to sev cells, yet their role and fate are dis- 
puted ^ Some claim they are indeed the sole progenitors of all future sev 
cells, even though the early generations of sex cells denved from them 
may tend to pensh and disappear Others view the pmnordial cells as an 
ancestral type of parent germ cell that either is no longer concerned with 
the actual formation of present-day eggs and sperms or that at least shares 
t IS function with cells from another source These latter elements are 
, ^Id to originate b> the proliferation of indifferent cells located in the 
germinal epithelium’ which surfaces the sex gland It makes no practical 
erence whether the sex cells are special elements set apart at an early 
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moment or ‘ordinary’ cells at a later time, since all cells of the body con- 
tain precisely the same complement of chromosomes and genes 

The Course of Differentiation — ^Thc se\ cells of all animals undergo a 
similar history in achieving matunty Even the consecutive stages ivhich 
an egg and sperm pass through in their individual developments are funda- 
mentally comparable The general process of cgg-formation is oogenesis, 
that of sperm-formation is spermatogenesis Each shows in succession three 
equivalent stages (Fig g) (i) a period of cell proliferation, dunng which the 
pnmitive germ cells divide repeatedly, (2) a penod of growth, marked by 
rapid enlargement of the cells so produced, and (3) a period of maturation, 
which involves fundamental nuclear changes and is limited to the final two 
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Fig 9— Diagrams companng oogenesis and spermatogenesis The assortment of human 
chromosomes is indicated at each stage 


divisions At the end of maturation the development of an egg is complete 
and it IS ready to function, the male cells, on the other hand, must pass 
through an additional stage (transformation) which converts them from 
ordinary appearing cells into specialized, motile spermatozoa 

The process of maturation would be of the greatest importance if only 
for the following reason Smee normal reproduction depends upon the union 
of male and female sex cells, it is mamfest that without some special pro- 
vision this union would necessarily double the number of chromosomes at 
each generation Such progressive increase is, however, prevented by the 
events of maturation which reduce the number of chromosomes in each sex 
cell to one-half that characteristic of the speaes The details of this process 
will be desenbed m later paragraphs 
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Chromosome Numbers —The ccIUof e%cT> ammal species eontmn a defimte and charac- 
tenslic number of chromosomes This number is identical for all the somatic cells of an> 
animal and for its immature sc\ cells as n cll The smallest possible chromosome assortment 
IS tno, it IS said to occur m one form of Ascans, a round norm The largest number knonn 
is found m a cravfish, -where 20S can be counted The chromosome envnneration for the 
human cell has been stated ^a^ousl^, but it is non becoming more and more accepted that 
the correct number is 48 for both man and noman* It is important to understand that there 
i- a double set of chromosomes in each cell, hence the human assortment contains onlj 34 
different kinds (Fig 10) 

OOGENESIS 

Origin of the Follicles — During the fetal period of mammalian de- 
\elopment, egg cells anse b> proliferation within the germinal epithelium 
which encloses the ovar>' Cells, thus cut off, sink into the ovanan cortex 
and continue to multiply there as oogoma (Fig ii) To what extent the 
so-called primordial o\a, which have migrated into the emerging sex gland 
at a still younger stage (p 21), serve as parent cells is debated In an> 
event, late m fetal life other epithelial cells of smaller size come to encase 

\X vv jy )) II uo vtf jj cc *• a uo II t( II It II II II I, 

Fio 10 — Chromosomes from a human spermatoRomum nmuRed in twenU four purs (Painter) 
X 1200 The \-Y pair of set chromosomes is. at the npht end of the senes 

the oogoma and so produce prtmary follicles (Fig 260) Shortly after 
birth the formation of human oogoma comes to a halt The total number 
present at this time in each ovary probably vants widely, estimates range 
from 40,000 to 300,000 One investigator found a steady decline to about 
15,000 at puberty, whereas another reported 200,000 in each ovary from a 
woman of 22 years Naturally enough, follicles in \anous st iges of regres- 
sion (1 c , atresia) are abundant at all times Several years after the end of 
the childbearing span, follicles are no longer seen 

With occasional futile exceptions, there is no advance beyond the stage 
of the primary follicle until puberty, which occurs at about the fourteenth 
year Thereafter, dunng the next thirty or more years that constitute a 
wroman’s reproductive period, larger follicles in vanous stages of growth 
are always to be found These grow mg follicles are interpreted in tw 0 w ays 
The traditional teaching has been that from time to time some of the primary 
follicles, among the initial store present from birth, arouse from their 
dormancy and begin to grow, of these, a certain favored one outstrips the 
others each month, continues to completion, and expels a so-called npe 
ovum Thus, from the hundreds of thousands of potential eggs originally 
formed, only a few hundred survive the struggle for existence and eventually 
reach matunty, whereas all others are doomed sooner or later to death and 
disappearance A rival view, which has been gaming m favor, asserts that 
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no egg that is difTercntmtcd before birth ever matures On the contrary, 
the functional eggs of mammals, like those of many lower animals, arc 
said to proliferate as needed from a rhythmically active germinal epithelium 
at the surface of the ovary ^ While this interpretation may be correct for 
some mammals (opossum, rodents), it is disputed for others Studies on 
man are conflicting and the whole matter must remain for the present 
unsettled * ^ 

Growth of the Follicles — ^All sexually mature mammals produce a 
crop of enlarging follicles during each c>clc of ovarian actnitj Most of 
these follicles, hy far, fail to achieve maturity and at some stage of growth 
succumb to retrograde changes \t the start a human oogonium measures 
o 02 mm in diameter and its follicular covering consists of a single la> or of 



Fig 1 1 — Life c} tie of an egg anJ its follicle, shomi m a dngram of the mammalian o\ an ( P ittcn) 
Start at the arrow and follow the sMges clockmse around the oi m 


flattened epithelial cells (Fig ii) Through growth the oogonium increases 
xn diameter seven-fold (o 14 mm ) and at the end of the growth period it 
acquires a new name, prwtary oocyte In company with such enlargement 
on the part of the egg, the follicle cells become cuboidal elements, they 
proliferate and form a layer, several cells thick At this time when the 
egg is full grown, irregular fluid-filled spaces appear bet\,reen the follicle 
cells and then unite into a crescentic cleft (Fig ii) Progressive enlarge- 
ment of this cavity converts the original follicle into a definite sac, the 
vesicular {Graafian) folhclc, whose cavity {antrum) is filled with secreted 
foUicular fluid {hgtior folheuh) This type of follicle is characteristic of 
mammals alone 

As the grow th of the follicle continues, the oogonium becomes located 
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more and more eccentncally , it is buried in a mound of follicle cells, termed 
the ciimiiiiis oophonis (egg-beanng hillock), situated at any position (Fig 
12) The follicle cells as a whole are arranged as a stratified epithelium, 
named the stratum gramilosum Around this epithelial layer the connective- 
tissue stroma of the ovary has been differentiating a sheath, the theca 
folhcuh The theca is composed of an inner, cellular and vascular tumca 
interna and an outer, fibrous tunica externa In the final phase of marked 
growth the superficial portion of the follicle .approaches closer to the surface 


Sti^nia 



of the ovary and raises it into a stretched, local elevation Growth of the 
follicle IS slow at the start, but the advance is rapid m the last day or two 
before rupture The full-grown, human follicle is millions of times bulkier 
than w as the primary follicle , its final diameter is about 1 2 mm 

Probabl> all mammals develop some follicles that contain more than one 
egg, but this IS infrequent in man Although such compound follicles con- 
cei\ably can lead to the production of twins, it is claimed that they usually 
degenerate Occasionally an egg has two nuclei, the development of 


TIIK SL\ CELLS 


Similar eggs in insects does not result in tmnning, and presumably this is 
the case in mammals as iicll 

Maturation —After an egg has finished its gronth and becomes a 
primary oocyte, the succeeding stages of oogenesis arc devoted to the im- 
portant process of maturation The pnncipal feature of maturation is two 
specialized nuclear divisions betneen ivhieb in most animals a resting 
nucleus is not reconstituted, as in ordinary mitosis Dunng these tiio 
divisions each chromosome splits but once, so that each of the four colls 
finally formed contains the ‘reduced’ number of chromosomes, that is, a 
complete single set of chromosomes replaces the duplicate set that character- 
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Frc 13 — Maturation of the mouse ovum A, B Pohr bodies and part of the egg proper 
sectioned (after Sobotta X 1^50; C-E Formation of the second pohr body photographed from 
Ining eggs nhose lowtr hemispheres are omitted (Lewis and Wnght X500) 


ized the oogonium and primary oocyte This process of reduction, by an 
atypical method of cell division, is named vmoszs 

Maturation of the egg shows another unusual feature Although the 
nuclei of all four cells are equivalent, the cytoplasm is divided ver> un- 
equally so that the end-products are one large, npe o\um and three rudi- 
mentary ova known as polar bodies^ or polocytes (Fig 9) The latter are 
so named because the> pinch off at the ‘animal pole' of the egg (p 31) 
There is obviously an advantage in concentrating on the production of 
but one large, functional egg, it is destined to enter on a prolonged course 
of cell division and for this reason should retain all the cytoplasm and yolk 
possible In order to gam this advantage, the definitive ovum develops at 
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the espense of the three polocjtes which, having sacnficed their future, 
soon degenerate In most animals the actual subdivision of the first polar 
body IS suppressed, although it m.a> fragment or divide amitotically This 
omission is understandable since further cell division would be a super- 
fluous act 

The evtrusion of the polar bodies from the egg of the mouse is illus- 
trated in Figure 13 At the end of the division that pinches off the first 
polar body (A) the pnmaiy oocyte becomes a secondary oocyte The 
separation of the second polar body is shown as stage B and again in C 
and D When both polocytes have become free (£) the egg nucleus re- 



A-E Budding off of the first polar bodji F G Formation of the second polar bod> and sub 
division of the first //, Mature egg mth polar bodicb fFull explanation in the text ) 

constitutes as i\\Q female pronuclcus, considerably smaller than it uvas before 
The npe ovum is technically an ootid, although not often called such At 
the close of these maturative events the centrosome disappears and the 
nucleus, with its single set of chromosomes, is ready to unite with the 
similarly reduced pronucleus brought in by the sperm Of practical interest 
IS the fact that most animals whose gametes meet inside the bod> of the 
female expel technically unnpe eggs from the ovary Only the first polocyte 
IS cut off before the egg is set free, whereas the second never appears unless 
fertilization by a spermatozoon follows This is another instance of economy 
of effort 

Chromosome Beha tor —The formation of the polar bodies, and especiallj the distri- 
bution of the chromosomes dunng meiosis, can be explained with the aid of diagrams (Fig 
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14) For simplicity only two chromosomes arc drawn (A) In reality these are a pair, one 
member (c g , black) ha\ mg been inherited from the father of the present individual, the 
other member (eg, white) from the mother During the prophasc of the first meiotic 
division the two chromosomes come to lie side by side (li) Cach chromosome then splits 
accurately along its length in such a way that the two hahes are identical in their genetic 
value Each split pair is called a d>arf, whereas the two djacls compnse a quadruple group 
known as a telrad (C) The tetrad next undergoes a division which is accompanied by the 
budding off of the first polar body (D, L) At this divasinn one dyad (the split hahes of 
one complete chromosome) passes into the polar body, and the other d>ad remaias behind 
m the egg It is a matter of chance orientation dunng the formation of the mciotic spindle 
that determines whether the dyad from the paternal or maternal member of the original 
chromosome pair remains in the egg Since this first division reduces the onginal pair of 
chromosomes of the egg to a single (though split) chromosome, it is termal reducttoml, 
since whole chromosomes have been separated, the division is qualitative m nature 
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Fig is — M aturation of the human ovum A Pnmary oocyte wath cells of the corona ndi 
ata from a large unruptured follicle (Stieve X 155) near the top of the egg are the chromosomes 
of the first meiotic spindle B Secondary oocyte recovered from the utenne tube (after Allen 
X 500) The first polar body has been cut off and the chromosomes left behind were ready to 
enter the final div ision had fertilization occurred 


The second meiotic division follows One half of the remaining dyad (called a monad) 
passes into the second polar body and the other monad stajs in the egg (Fig 14 F-B) Mean 
while, in theory at least, the first polar body undergoes a sinular division (G, H) This type 
of division is equational, since each daughter chromosome is the split half of a single chromo- 
some and each is, therefore, the exact equal of the other The equational division differs 
in no essential w ay from an ordinary mitosis 

The tetrad, therefore, proves to be a group of four chromosomal elements peculiar to 
meiosis The splitting of individual chromosomes dunng the prophase is charactenstic of 
an ordinary mitosis as well, but the mating and separation of whole chromosomes of a pair, 
combined with this splitting, occurs m meiosis alone The reduction of the ongmal number 
of chromosomes charactenstic of a speaes to one half that number is also expressed bj saj mg 
that the diploid (double) number has been reduced to the haploid (smgle) number Every 
chromosome pair of a pnmary oocyte exhibits the same behavnor dunng meiosis as did the 
example whose history has )ust been traced In certain animals the sequence of events is 
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re\erscd, the first duision being equationil and the final di\ision reductional, the outcome 
IS the same Some further information concerning the significance of meiosis in heredit> 
be gi\en at the end of this chapter 

Human ^^atura^lon — There are a few obsen^ations on the progress of 
maturation before the follicle bursts Figure 15 A shows the chromosomes 
of a pnmar> oocjte arranging m the mciotic spindle that will lead to the 
formation of the first polar body Other ovanan oocjtes, with the first 
polar body actuallj cut off (and the metaphase spindle of the second in a 
state of arrest), ha\e been described® There is reason for behe\mg that 
all these events tahe place dunng the last daj or two before the egg is set 
free • 

A number of free eggs have been recovered b> flushing out the utenne 
tubes (Fig 15 B) ^ These unfertilized specimens show no advance since 
lea\ mg the o\ ary Hence it seems certain that, as in \ ertebrates in general, 
the free egg remains unchanged until penetrated by a sperm This act 
then furnishes the stimulus for cutting off the final poloc\ te The fertilized 
ovum, with both polar bodies present, has been observed in Tarsius, a low 
pnmate Since the full number of human chromosomes is 4S, the reduced 
number in the mature ovum is 24 (Fig 9) 

The Mature Ovum — Although alv\a>s rclativel> large, the final size of 
a npe ovum is correlated with the amount of >olk substance stored m it and 
not with the size of the ammal producing it The smallest known egg is 
that of the mouse (0 07 mm ), the largest have a diameter measurable in 
inches (birds, sharks) Most animal ova are nearly sphcncal m form and 
all possess the usual cell components (Fig 16) The nucleus, also spheroidal, 
IS bounded by a nuclear membrane and contains a chromatin nciiiork and one 
or more nuclcoh The nucleus is essential to the Iite, growth and repro- 
duction of a cell, while its chromatin bears the hereditarj qualities The 
function of the nucleolus is unknown The abundant cytoplasm is distinctly 
granular and contains few to many nonliving yolk granules In addition, 
there are such charactenstic ‘organoids’ as the mitochondria and Golgi 
apparatus, until the egg is finally ready for fertilization there is also a minute 
centrosome These organoids are living self-perpetuating parts, specialized 
beyond the general cytoplasm The >olk is nutntiv'^e, the centrosome is 
active dunng cell division only, but the functions of the other cv toplasmic 
constituents are imperfectly understood 

The yolk, or deutoplasm, consists of fatty and albuminous substance 
aggregated as rounded granules It serves as nutnment for the developing 
embryo Since no type of ovum is totally devoid of >olk, this matenal is 
useful in classifying eggs One classification is based on the relative abun- 
dance of j oik (, e , small-, medium-, or large amount) Still more significant 
in relation to the mechanics of development is the distnbution of >olk 
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14) For simpliaty only two chromosomes arc dra\%n (/J) In reality these arc a pair, one 
member (c g , black) havinj' been mhented from the father of the present induidnal, the 
other member (eg, white) from the mother During the prophasc of the first mciotjc 
division the two chromosomes come to he side by stele (Ji) Each chromosome then splits 
accurately along its length in such a way that the two halves are identical in their genetic 
value Each split pair is called a dyad, whereas the two dj ads comprise a quadruple group 
known as a klrad (C) The tetrad next undergoes a divasion which js accompanied by the 
budding off of the first polar body (D, E) At this division one dyad (the split halves of 
one complete chromosome) passes into the polar body, and tlie other dyad remains behind 
in the egg It is a matter of chance orientation during the formation of the mciotic spindle 
that determines whether the dyad from the paternal or maternal member of the onginal 
chromosome pair remains in the egg Since this first div ision reduces the onginal pair of 
chromosomes of the egg to a single (though split) chromosome, it is termed rrductional, 
since whole chromosomes have been separatcil, the dinsion is qualitative in nature 
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Fig 15— Maturation of the human ovum A Pnmary o6cy te ivnh cells of the corona ndi 
ata from a large unruptured follicle (Sueve X lS 5 ) the top of the egg are the chromosomes 
of the fir-t meiotic spmdle B Secondary oocyte recovered from the utenne tube (after Allen, 
X 500) The first polar body has been cut off and the chromosomes left behind were ready to 
enter the final division had fertilization occurred 


The second meiotic division follows One half of the remaining dyad (called a monad) 
passes into the second polar body and the other monad stays m the egg (Fig 14 r-ll) Mean 
while, in theory at least, the first polar body undergoes a similar dmsion (G, //) This typo 
of division IS equatioml, since each daughter chromosome is the split half of a single ohromo 
some and each is, therefore, the exact equal of the other The equational division differs 
m no essential way from an ordmary mitosis 

The tetrad, therefore, proves to be a group of four chromosomal elements peculiar to 
meiosis The splitting of individual chromosomes during the prophase is charactenstic of 
an ordinary mitosis as well, but the mating and separation of whole chromosomes of a pair, 
combined with this splitting, occuis in meiosis alone The reduction of the ongmal number 
cf chromosomes charactenstic of a spenes to one half that number is also expressed by saying 
that the diploid (double) number has been reduced to the haploid (smgle) number Every 
chromosome pair of a pnmary odeyte exhibits the same behavior during meiosis as did the 
example whose history has just been traced In certain animals the sequence of events is 
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arthropods the arrangement of jolk is distinctive It is massed centrally 
and IS surrounded b> a penpheral shell of clear cytoplasm Such eggs are 
cenirolcathal (D) 

Eggs possess polarity which is made manifest in \anous \iays The 
animal poh is the site where the polar bodies pinch off This general region 
of the egg tends to ha^ e the highest activity capacities and thus may be 
more \igorous when development gets under way At the other end of the 
polar a\is is the L'cgcial pole Its territory tends to be more sluggish and is 
concerned with the development of nutnent organs Cytoplasmic compo- 
nents, such as pigment and ^ oik, arc often disposed in a polanzed or strati- 
fied way This is well illustrated in tclolccithal eggs, whose animal pole is 
more protoplasmic and whose vegetal pole is more >olk laden, the nucleus 
lies nearer the animal pole 

The eggs of most animals become enclosed within protective mem- 
branes, or envelopes, which are primary, secondary or icritary in character 
The delicate vitelline membraue, innermost in position and elaborated by 
the egg cjtoplasm, is a pnmary membrane (Fig 16 A) The follicle cells 
about the ovum usually furnish some kind of secondary membrane, the 
conspicuous zona pellucida is commonly assigned to this group (A) Ter- 
tiary membranes ma> be added by the oviduct as the egg passes through 
It The jelly around the frog’s egg (B), the albumen about the rabbit’s 
egg and the albumen and shell of the hen’s egg (C) are of this sort 

The Human Ovian — There is little difference in the size of the eggs 
formed by the vanous placental mammals, mouse, man and whale are 
nearly equal m this respect Such an egg is small in comparison with many 
ova, >et when set beside ordinary cells it is truly large, since it is just visible 
to the naked eye as a tiny speck The diameter of a normal human ovum, 
freshly discharged, is about o 135 mm Calculation shows that all the 
eggs necessary to replace the present population of North Amenca could 
be placed in a cubical vessel three inches square 

The human ovum contains yolk granules and conforms closely to the 
isolecithal mammalian type (Fig 16 A) The vitelline membrane is 
represented merely by the limiting cytoplasmic boundary and is not a 
definite envelope in the ordinary sense Outside the ovum proper lies a 
thick, tough and highly refractile capsule, the zona pellucida, it increases 
the total diameter of the egg to about o 15 mm Abnormal eggs with 
giant or double nuclei occur, but they are uncommon 

SPERMATOGENESIS 

The Course of Differentiation —The sex cells of male vertebrates 
develop within thread-like testis tubules (Fig 258) The latter originate 
as cellular cords that grow out of the germinal epithelium which covers 





SPERM \TOGLNESIS 


33 


not onlv decrease progressnelj in size, but also tbe number of cbromosomcs 
IS reduced to half the original number That is, the double set is reduced 
to a single set in a uay identical with that already described for the egg 
(p 28) FinaU>, all the spermatids attach to Sertoli cells, from which 
they appear to receive nutriment, and gradually transform from t\ pical 
cells into mature spcrmato::oa Nothing corresponding to this penod of 
transformation occurs in the development of an egg When it is complete, 
the spermatozoa detach and are set free inside the seminiferous tubule 
A comparison betrveen oogenesis and spermatogenesis is shonn diagram- 
maticall} in Figure 9 

Human Spermaiogenest': — The process of sperm formation begins at 
puberty, extends far past the corresponding time limit in the female, and 
ma> persist e\cn into extreme old age In man, like other animals that do 
not ha\e a special breeding season, spermatogenesis is continuous Its 
progressne course runs in recumng na\es up the long testis tubules so 
that at an;, horizontal level of a particular tubule all the stages are not 
encountered at one time The duration of a spermatogcnctic c) cle at anj 
level IS some three v. eeks The cv ents of human spermatogenesis are typical 
and agree v ith the general dcscnption alrtad> given 

All the spermatogonia carrj the full number of 48 chromosomes At 
the end of the growth penod, simple enlargement has changed these cells 
into so-called pnmary spermatocytes Figure 18 A shows such a cell, with 
the chromosomes arranged as tetrads in 24 mated pairs, preparator> to the 
first meiotic division The ccutrosontc (two centnoles) lies between the 
nucleus and the Golgi apparatus The latter consists of a dark-staining 
periphery and a paler intenor which contains granules within \acuoles 
Mitochondria take the form of coarse granules scattered throughout the 
cytoplasm At the division of the pnmary spermatocjtes into secondary 
spermatoc>tes, the 24 tetrads separate into two groups, each with a single 
set of 24 chromosomes alread> split as dyads Since this division disjoins 
whole chromosomes of each pair, it is reductional The secondary spermato- 
cytes then di\ide equationall> into spermatids, each dyad separating into 
two monads At the end of meiosis, therefore, each spermatid contains 
24 single chromosomes 

The four spermatids denved from each spermatogonium complete their 
development by undergoing a direct transformation {spcrniiogcncsis) into 
highly specialized spermatozoa This involves a remodeling of cell shape 
and a superfiaal disguising of certain of the typical cell components, as is 
illustrated in figure 18 B-H^ The nuclear history is simplest, the open- 
structured nucleus merely condensing and reshaping into the mam bulk of 
the sperm head In the young spermatid the Golgi matenal, which has 
become dispersed during the spermatocyte divisions (B), assembles on the 
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the se\ gland of an embryo Such a solid cord contains cells of two types 
(Fig 1 7 /I ) Tiie larger are stem cells which proliferate and become spermai- 
ogoma, the smaller arc indifferent, supporting cells Until the lime of 
sexual matunty these arc the only dements to be seen, but then a renewal 
of proliferative activity advances the testis to its full functional state Also 
at puberty the solid epithelial cords first become hollow m man {B, C) 
Two types of cell are then recognizable m the rclitivcly thick wall of a 
tubule (i) The male sex cells, m various stages of dciclopmcnt, arranged 
in a layered fashion, they arc all descendants of the spermatogonia (2) 



Tall snsicniaatlar cells (oi Sertoli) denied from the indifferent cells, they 
act as columnar supports and apparently serve as nurse cells 

As spermatogenesis gets under way some spermatogonia remain as 
stem cells, while others enter upon a growth penod at the end of which they 
are called prvmry spermaiootes (Fig 17 C) Up to this stage each ceil 
still contains the full number of chromosomes typical for the speaes Next 
follow the two meiotic divisions which accomplish maturation Each 
primary spermatocyte divides into two secondary spermatoeyks, and each 
of these, in turn, into two spermatids Dunng these two divisions the cells 
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not onh decrease progressnel) in size, but also the number of chromosomes 
IS reduced to half the onginal number That is, the double set is reduced 
to a single set in a Ma> identical with that alreadj descnbed for the egg 
(p 28) Finally, all the spermatids attach to Sertoli cells, from which 
the} appear to receive nutnment, and graduall} transform from t}pical 
cells into mature spermatozoa Nothing corresponding to this penod of 
transformation occurs in the dc\clopment of an egg When it is complete, 
the spermatozoa detach and are set free inside the seminiferous tubule 
A companson between oogenesis and spermatogenesis is shown diagram- 
maticall} in Figure 9 

Human Spt.rmalogcncsis — The process of sperm formation begins at 
pubert} , extends far past the corresponding time limit in the female, and 
ma} persist e\en into extreme old age In man, like other animals that do 
not ha\c a special breeding season, spermatogenesis is continuous Its 
progressne course runs in recumng waxes up the long testis tubules, so 
that at an} honzontal level of a particular tubule all the stages are not 
encountered at one time The duration of a spermatogenetic c} cle at anj 
level IS some three w eeks The c\ ents of human spermatogenesis are t} pical 
and agree with the general descnption ahead} given 

All the spermatogonia carrv the full number of 48 chromosomes At 
the end of the growth penod. simple enlargement has changed these cells 
into so called pnmar} spcrmatoc}tei> Figure 18 A shows such a cell, with 
the chromosomes arranged as tetrads in 24 mated pairs, preparatorj to the 
first meiotic division The cctitrosomc (two centnoles) lies between the 
nucleus and the Golgi apparatus The latter consists of a dark-staimng 
penpheiy and a paler intcnor which contains granules within v'acuoles 
ilftlocJiojjcfria take the form of coarse granules scattered throughout the 
C}toplasm At the division of the pnmarj spermatoc} tes into secondar} 
spennatoc}tes, the 24 tetrads separate into two groups, each with a single 
set of 24 chromosomes alread} split as d}ads Since this division disjoins 
whole chromosomes of each pair, it is reductional The secondar}- spermato- 
cytes then divide equationally into spermatids each dyad separating into 
two monads At the end of meiosis, therefore, each spermatid contains 
24 single chromosomes 

The four spermatids derived from each spermatogonium complete their 
development by undergoing a direct transformation {spcrmiogcnesis) into 
highly specialized spermatozoa This involves a remodeling of cell shape 
and a superficial disguising of certain of the typical cell components, as is 
illustrated in Figure 18 The nuclear history is simplest, the open- 

structured nucleus merely condensing and reshaping into the mam bulk of 
the sperm head In the young spermatid the Golgi matenal, which has 
become dispersed dunng the spermatocyte divnsions {B), assembles on the 
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the sex gland of an embryo Such a solid cord contains cells of two t>pcs 
(Fig IT A) The larger are stem cells which proliferate and become 
ogonia, the smaller are indifferent, supporting cells Until the time of 
sexual matunty these arc the only elements to be seen, but then a renewal 
of proliferative activity advances the testis to its full functional state Also 
at pubertj the solid epithelial cords first become hollow m man {li, C) 
Two types of cell are then recognizable m the rchtivclj thick wall of a 
tubule (i) Ihe male sex alls, in \anous stages of development, arranged 
in a layered fashion, they arc all descendants of the spermatogonia (2) 



Tig 17 — Huiaan testis tulJufes in trans.\erse scttran A Newborn (X 400) B adult (X 115) 
C detJil ot the area outlined in B IX 900) 


Tall sustcntacular cells (of Sertoli), derived from the indifferent cells, the> 
act as columnar supports and apparently serve as nurse cells 

As spermatogenesis gets und^ way some spermatogonia remain as 
stem cells w hile others enter upon a gro t th penod at the end of w hich the> 
are called primary spirmatocyUs (Fjg 17 C) Up to this stage each cell 
still contains the full number of chromosomes t>pical for the species Next 
follow the two meiotic divisions which accomplish maturation Each 
pnmary spermatoi^te divides mto two secondary spermaioexUs and each 
of these, in turn into two spermatids Dunng these two divisions the cells 
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nucleus, but continues as a fairly, conspicuous sheath most of the length 
of the flagellum (G, H) 

The Spermatozoon — In a feu invertebrates onl> does the mature 
male element, or spermatozoon, resemble a typical cell Most are slender, 
elongate structures uhich develop a huge, cihum-hke lash, this uhips back 
and forth to accomplish the active swimming that charactenzes the cell 
Unhke the egg, which is the largest cell of an organism, the sperm is among 
the smallest in mass The extremes of length in animals range from o oi8 
mm in Amphioxus to 2 25 mm in a toad Some curious tj-pes occur, but 
the commonest shape is that of an elongate tadpole, with an enlarged head, 
short neck and thread-like tail The head shows many vanations in form 
(rod, lance, spiral, sickle, spoon, sphere, cone), the tail ma> bear along 
its length a fin-hke, undulatory membrane 

The Human Spermatozoon — ^At one time human sperm cells were 
regarded as parasites, and under this misapprehension the name spermato- 
zoa, or ‘semen animals,’ was given 
them The spermatozoon of man is 
of average size and shape (Fig 19) 

Although its length is nearly one-half 
the diameter of a human ovum, the 
relative volume is only as i 85,000 
(Fig 16 A) All the sperms required 
to produce the next generation in 
North America could be packed into 
a sphencal vessel having the diameter *9 -Human spennitozoa, m edge and 

of an ordinary pinhead The tiny size at view x 700 

of spermatozoa makes their structural details difficult to interpret, later 
studies have somewhat altered and simplified previous descriptions (Fig 20) * 
a The head measures nearly o 005 mm , or one-tw'elfth the total sperm 
length of o 06 mm It appears oval in fiat view , pear-shaped in profile 
The interior of the head contains the tightly packed nuclear elements of 
the sperm cell , it is homogeneous in structure, except for a frequently found 
vacuole The antenor half of the head is invested with the cap-hke acro- 
some while its posterior half is similarly covered with the posinuclear cap 
In addition, some have described a superficial network of intersecting fibrils 
b The short neck begins with a problematical neck granule, in contact 
with the head, and extends to the antenor centrtole 

c The body, often considered to be a ‘connecting piece’ belonging to 
the tail, is slightly longer than the head Its extent is limited by the two 
centnoles, the posterior one being modified into a nng, or annulus The 
central core {axial filament) is beset with mttochondnal gramdes which some 
have described as linked into a spiral thr^d 




34 


THE sn\ CELLS 


surface of the nucleus (C) and a distinct bead within a vacuole is again 
seen in the midst of darker-staining matenal The bcid applies itself 
against the nuclear membrane (D) and soon spreads to constitute the 
acrosomc, or anterior cap, which covers the apical half of the head (E-G) 
At the same time a posUtuclcar cap, of uncertain origin, appears like a thick- 
emrig about the base of the nucleus {D) and grows upward {E, F) until 
it meets the antenor cap {G, H) The penpheral Golgi substance about 
the vacuole {D) detaches, passes down the side of the nucleus {E) and 
finally is cast off along with an unused remnant of cytoplasm (r*//) 
Meanwhile the centnoles have migrated to the margin of the cytoplasm 



Fig i8 — Stages m human spermatogenesis (adapted after Gatenby and Beams) X 1000-2500 
A Spermatocyte B, spermatid C-G transformation stages, /f, spermatozoen 


(S), and from them jomtly there grows out a thread-like (C) 

The outermost centnole becomes nng-shaped and the two then move in- 
ward to the nucleus, opposite the primitive acrosome {D) Subsequently 
the nng (posterior centnole) grows (£) and slips down the thread a distance 
{F-H) The other, or antenor centnole, remains as a granule, located close 
to the nucleus, and continues its direct connection with the flagellum 
Some stages {D, E) show another particle, not centnolar m nature that 
seems to be the rudiment of the later neck granule (H) (c/ Fig 20) The 
mitochondnal granules gather about the flagellum in the region between 
the two centnoles (F, G) The cytoplasm is pulled closely around the 
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nucleus, but continues as a fairly conspicuous sheath most of the length 
of the flagellum {G, H) 

The Spermatozoon — In a fen invertebrates only does the mature 
male element, or spermatozoon, resemble a typical cell Most are slender, 
elongate structures nhich develop a huge, cilium-like lash, this nhips back 
and forth to accomplish the active swimming that characterizes the cell 
Unlike the egg. which is the largest cell of an organism, the sperm is among 
the smallest in mass The extremes of length in animals range from o oi8 
mm in Amphioxus to 2 25 mm in a toad Some cunous types occur, but 
the commonest shape is that of an elongate tadpole, with an enlarged head, 
short neck and thread-like taxi The head shows many variations in form 
(rod, lance, spiral, sickle, spoon, sphere, cone), the tail may bear along 
its length a fin-hke, undulatory membrane 

The Human Spermatozoon — At one time human sperm cells were 
regarded as parasites, and under this misapprehension the name spermato- 
zoa, or ‘semen animals,’ was given 
them The spermatozoon of man is 
of average size and shape (Fig 19) 

Although Its length is nearly onc-half 
the diameter of a human ovum, the 
relative volume is only as i 85.000 
(Fig 16 A) All the sperms required 
to produce the next generation in 
North Amenca could be packed into 
a sphenoal vessel having the diameter 19 -Human speminoroa m edge -.nd 
of an ordinary pinhead The tiny size 

of spermatozoa makes their structural details difficult to interpret, later 
studies have somewhat altered and simplified previous descnptions (Fig 20) ^ 
a The head measures nearly o 005 mm , or one-twelfth the total sperm 
length of 006 mm It appears oval in fiat view, pear-shaped in profile 
The interior of the head contains the tightly packed nuclear elements of 
the sperm cell , it is homogeneous in structure, except for a frequently found 
vacuole The antenor half of the head is invested with the cap-like aero- 
some while its postenor half is similarly covered with the posimiclear cap 
In addition, some have described a superfcial network of intersecting fibrils 
b The short neck begins with a problematical neck granule, in contact 
with the head, and extends to the anterior centrtole 

c The body, often considered to be a 'connecting piece’ belonging to 
the tail, IS slightly longer than the head Its extent is limited by the two 
centnoles, the postenor one being modified into a nng, or annulus The 
central core (axial filament) is beset with mitockondnal granules which some 
have desenbed as linked into a spiral thread 
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surface of the nucleus (Q and a distinct bead within a vacuole is again 
seen in the midst of darker-staining matenal The bead applies itself 
against the nuclear membrane {D) and soon spreads to constitute the 
acrosome, or anienor cap, ^\h^ch covers the apical half of the head (E-G) 
At the same time a postnuclcar cap, of uncertain ongin, appears like a thick- 
ening about the base of the nucleus (Z?) and grows upward {E, F) until 
it meets the antenor cap (G, H) The penpheral Golgi substance about 
the vacuole {D) detaches, passes down the side of the nucleus (E) and 
finally is cast off along with an unused remnant of cytoplasm (F-H) 
Meanwhile the centnoles have migrated to the margin of the cytoplasm 
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Fig i8 — Stages in human spermatogenesis (adapted after Gatenby and Beams) X 1000-2500 
A Spermatocyte B spermatid C-G, transformation stages H, spermatozoon 



(B), and from them jointly there grows out a thread-like (Q 

The outermost centnole becomes nng-shaped and the two then move in- 
ward to the nucleus, opposite the primitive acrosome (D) Subsequently 
the ring (posterior centnole) grows (£) and slips down the thread a distance 
{F-H) The other, or antenor centnole, remains as a granule, located close 
to the nucleus, and continues its direct connection with the flagellum 
Some stages {D, E) show another particle not centnolar in nature, that 
seems to be the rudiment of the later neck grannie (H) {cf Fig 20) The 
mitochondnal granules gather about the flagellum in the region between 
the two centnoles (F, G) The cytoplasm is pulled closely around the 
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COMPARISOM OF THE EGG AND SPERM OF ANIMALS IN GENERAL 


Featlres CoMrvRED j 

Ovum i 

1 

Sperm \T 070ox 

Size 
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Shape 
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I arge numbers 
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Moliltly 
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Diffuse 

In body 

Goigt apparolui 

Diffuse j 

In acrosomc 

Nucleus 

Open structured 

Condensed 

Nucleolus 

Ty pical 

Indistinguishable 

Sex delenmntug fate 

Rarely two kinds 

Usually two kinds 


(Moths birds) 

('Male' and female sperm) 


THE SIGNinCANCE OF MITOSIS AND MEIOSIS 

The complicated c^e^ts of an ordimo mitosis nnd the equation'll division of meiosis 
sene the purpose of dividing accuntcl> the chromatic substance of the nucleus in such a 
uaj that the chromosomes of each daughter cell ma> be identical, both m number and 
composition This is important since it is believed that self perpetuating particles, or genes, 
m the chromosomes are the hereditarj determiners, and that these are arangeil m definite 
linear order m particular chromosomes Before a chromosome splits, each gene m it divndes 
and one daughter gene goes into each <laughter chromosome It is estimated that the vinegar 
fl>, Drosophila, has about 4000 gents 

Although a gene is too small to be seen, the existence of many genes and their constant 
positions m specific, recognizable chromosomes have been demonstrated convincmglj in 
Drosophila through extensive breeding experiments Remarkable confirmation of these 
experimental proofs is afforded by the discoveo of giant, compound chromosomes m the 
sahv ar> glands of this insect (Fig 21) Both the number and position of distinctiv e bands 
m these chromosomes correspond v\ell with charts that plot the positions of genes as deduced 
from breeding experience Such a band is not a single gene but a honzontal alignment of 
casings, containing similar genes in a bundle of identical, unseparated chromosomes The 
gene has a diameter of about o 00002 mm and is probablj n protein molecule, it acts as an 
organic catalj- st and maj be an enz> me * The gene is the smallest liv mg thing that is knou n 
to grow and reproduce its kind exactlj It exerts its directive influence on the cytoplasm 
At meiosis there is a side-b> -side association of like chromosomes (one member of each 
pair havnng come from the father, the other from the mother of the preceding generation) 
(Fig 22 A) Each member of a chromosome pair carries the same general set of hereditarv 
characters does its mate The individual genes of any gene pair within the two chromo 
somes, however, may be like or unlike m their power of inducing the alternative expressions 

^ ^ blue blue or brown 

) ihe reducing dinsion of meiosis separates whole chromosomes of each pair but 
pa!r"m <l-tnbution of the paternal or maternal member of an^ 

pair to an> particular daughter cell Reduction obviously halves the chromosome number 
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d The tad shows two different portions (i) The tapenng chief piece 
constitutes three fourths of the total length of the sperm It consists 
mainly of a cytoplasmic sheath which is a continuation of a similar sheath 
m the neck and body (2) The end piece, or terminal filament, is a thinner 
short thread It is usually said to be the naked termination of the axial 
filament, or flagellum, which begins with the antenor centnole and courses 
the entire length of the body and tail 

Atypical spermatozoa occur m all individuals These may include 
giant and dwarf forms, badly modeled specimens and elements with more 
^Surface membrane head Of tail 

X Vacuole Comparison of the Egg and 

^'^(AnTheadcap) Sperm- — The dissimilar male and fc- 
"^Posinuclear cap sev cclls of animals are admirably 

adapted to their respective rdles 
' Ani centTiote They illustrate nicely the modifica- 

. Mtiocbondrta tions that accompany a physiological 

■ Axial filament division of labor Each has the same 

• amount and species kind of chro- 

{Post ceuiTtoie) matin, although in the sperm it is 
more compactly stored Both cells 
are thus capable of participating 
equally in heredity, but in certain 
other respects each is specialized both 
■Chief piece of tail Structurally and functionally 

The npe egg contains an abun- 
dance of cytoplasm and often a still 
greater supply of stored food (yolk) 
As a result, it is large and passive, 
yet closely approximates the typical 
cell in all features except that the 
.End piece of tail previously active centrosome has dis- 

appeared Only in some mvertebrates, 
Fig 20 — Structure of the human spermatozoon however istheeggbyitselfnormally ca- 
(after G»tenby and X .700 pable of cdl division and development 

On the other hand, the sperm is small and at casual inspection bears 
slight resemblance to an ordmary cell Its cytoplasm is reduced to a bare 
minimum, it contains a centrosome (m the form of centnoles), but no yolk 
Structurally all is subordinated to a motile existence Functions such as 
constructive metabolism and cell division are sacrificed Correlated with 
the small size of sperms goes an extraordinary increase in numbers, for the 
greater the total liberated, the more surely will the egg be found Hence 
apart from its role in heredity, the chief function of the sperm is to seek 
out the egg and activate it to divide 
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COMPARISON OP THE EGG AND SPERM OF ANIMALS IN GENERAL 
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THE SIGNinCANCE OF MITOSIS AND MEIOSIS 

The complicated e\ ents of an ordmar> mitosjs and the equational di\ ision of meiosjs 
sene the purpose of dividing accurately the chromatic substance of the nucleus m such a 
na> that the chromosomes of each daughter cell ma> be identical, both m number and 
composition This is important since it is beliei ed that self perpetuating particles, or genes, 
in the chromosomes are the hereditary determiners, and that these are arranged m definite 
linear order m particular chromosomes Before a chromosome splits, each gene m it div ides 
and one daughter gene goes into each daughter chromosome It is estimated that the vinegar 
fl> , Drosophila, has about 4000 genes 

Although a gene is too small to be seen, the existence of many genes and their constant 
positions m specific, recognizable chromosomes have been demonstrated convincmglj m 
Drosophila through extensive breeding expenments Remarkable confirmation of these 
experimental proofs is, afforded b> the discovery of giant, compound chromosomes in the 
salivary glands of this insect (Fig 21) Both the number and position of distinctive bands 
m these chromosomes correspond well with charts that plot the positions of genes as deduced 
from breeding experience Such a band is not a single gene but a horizontal alignment of 
casings, containing similar genes in a bundle of identical, unseparated chromosomes The 
gene has a diameter of about o 00002 mm and is probably a protein molecule, it acts as an 
organic cataly st and may be an enzyme ® The gene is the smallest hv mg thing that is know n 
to grow and reproduce its kind exactly It exerts its directive influence on the cytoplasm 

At meiosis there is a side-b> side assoaation of like chromosomes (one member of each 
pair havnng come from the father, the other from the mother of the preceding generation) 
(Fig 22 4 ) Each member of a chromosome pair carries the same general set of hereditary 
characters as does its mate The mdmdual genes of any gene pair within the two chromo- 
somes, howev er, may be like or unlike m their power of inducing the altemativ e expressions 
of a particular character (e g , for e> e color they might be brow n brow n, blue blue or brow n- 
blue) The re&ucmg division of meiosis separates whole chromosomes of each pair but 
Chance alone governs the actual distnbution of the paternal or maternal member of anv 
pair to any particular daughter cell Reduction obvuously halves the chromosome number 
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d The tail shows two different portions (i) The tapenng chtcj piece 
constitutes three-fourths of the total length of the sperm It consists 
mainly of a cytoplasmic sheath which is a continuation of a similar sheath 
in the neck and body (2) The end piece, or terminal filament, is a thinner 
short thread It is usually said to be the naked termination of the axial 
filament, or flagellum, which begins with the anterior centnolc and courses 
the entire length of the body and tail 

Atjpical spermatozoa occur in all individuals These ma> include 
giant and dwarf forms, badly modeled specimens and elements with more 
than one head or tail 

Comparison of the Egg and 
Sperm ' — The dissimilar male and fe- 
male scK cells of animals arc admirably 
adapted to their respective rdlcs 
They illustrate nicely the modifica- 
tions that accompany a physiological 
division of labor Each has the same 
amount and species kind of chro- 
matin. although in the sperm it is 
more compactly stored Both cells 
are thus capable of participating 
equally in heredity, but m certain 
other respects each is specialized both 
structurally and functionally 

The npe egg contains an abun- 
dance of cytoplasm, and often a still 
greater supply of stored food (jolk) 
As a result, it is large and passive, 
yet closely approximates the t>pical 
cell in all features except that the 
previously active centrosome has dis- 
appeared Only in some invertebrates, 
Pig 20 — Structure of the human spermatozoon fioivever.is theegg by itself normally ca- 
(after Gatenb, and Beams) X .700 development 

On the other hand, the sperm is small and at casual inspection bears 
shght resemblance to an ordinary cell Its cytoplasm is reduced to a bare 
minimum it contains a centrosome (in the form of centnoles), but no yolk 
Structurally all is subordinated to a motile existence Functions such as 
constructive metabolism and cell division are saenficed Correlated with 
the small size of sperms goes an extraordinary increase in numbers for the 
greater the total liberated, the more surely will the egg be found Hence, 
apart from its role m heredity , the chief function of the sperm is to seek 
out the egg and activate it to divide 
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charnctcnstic for the species, 'intl as a result eich rhiightcr cell receives a sihrIc (but com 
plete) assortment of chromosomes instead of the double set The siRmficance of the second, 
or eqiiational division of mciosis, bejond accomplishing mere cellular muftiplication, is 
obscure In the end, each gamete reccnes one complete set of genes contained within a 
complete, single set of chromosomes 

In man nearly seventeen million different final combinations of chromosomes ore possible 
through reduction alone Vast as this number is, it represents only part of the full picture 
since the possible recombinations at an ensuing fertilization arc measured b> the square of 
seventeen million A further increase m new hereditary combinations is made possible bj 



Fig 21 — Giant, compound sex chromosome from the salivary gland of the vancgir fly, 
Drosophila (after Painter) X looo Twenty one known characters arc idcntincd wath bands 
(genes) in the spaces indicated by vertical lines 


Female Male 



Pjq 22 A Diagram of the behavior of chromosomes traced through one generation B Diagram 

of stages in a cross over 


the phenomenon of ‘crossing over’ At the stage of chromosomal conjugation m meiosis 
the two chromosomes of a pair sometimes intertwine, and this may result in an interchange 
of correspondmg parts (Fig 22 B) The several factors just mentioned furmsh a basis for 
vanations in the hereditary pattern 
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CHAPTER III 


THE DISCHARGE AND UNION OF SEX CELLS 

When the eggs and spermatozoa of animals arc npc they arc released 
from their respective sc\ glands In one wav or another the sex cells are 
brought together, whereupon successful ones meet and unite These 
activities are known as ovulation, scmtnatwu and fcriiltzatton 

OVULATION 

The discharge of the ovum from its follicle compnses oiulatwn A 
few animals breed continuously, but most commonly there is a seasonal 
or annual spawning period The several mammalian groups show all 
gradations betw'een ovulation e\ cry few day s and an annual breeding penod 
As a whole, lower mammals ovulate spontaneously at the time of sexual 
excitement, known as the penod of heat or cstnis, only then will the female 
receive the male A few, however such as the rabbit, have 'provoked 
ovulation’, that is, copulation is a necessary prerequisite to ovulation, and 
it IS the sexual excitement brought on by the copulatory act that sets into 
motion the complex events that end with ovulation Except m the special 
case of identical twinning, a separate egg is npened and expelled for each 
individual developed It follows that multiple ovuhtion charactenzes 
many mammals and is an occasional occurrence in man 

In pnmates ovulation is periodic, at intervals of about four weeks, and 
spontaneous There is no penod of heat, and hence the urge to mate is not 
limited to the time of ovulation The human female begins to ovulate at 
puberty (about fourteenth year) and continues until the menopause (about 
forty -seventh year) Although some large Graafian follicles can be found 
rather constantly in the ovary between later fetal life and puberty, such 
precocious follicles eventually degenerate with their contained eggs As a 
rule only one follicle and egg mature each month, the ovanes alternating 
with irregular and unpredictable sequence ^ Thus, from the hundreds of 
thousands of potential ova provided, only about 200 npen in each ovary 
during the thirty-odd years of sexual activity There are, nevertheless, 
many thousands of follicles that reach various degrees of advancement 
during this penod and then, as atretic follicles, decline and disappear 

Follicle Rupture — The completed human follicle some 1 2 mm m 
diameter, causes the surface of the ovary to bulge locally (Fig 23 A) 
Here the ovanan wall is stretched thm and at its apex there is a clear 
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avascular spot named the sUgim Internally the follicle contains fluid 
which has been secreted against pressure Since the follicle enlarges greatly 
in the last hours of its existence, it would seem that bursting is the result 
of a sudden increase in follicular fluid, against whose pressure the wall 
cannot adjust itself = This rupture, however, is only the final act of a pro- 
gressne growth process which leads to cellular, secretory and vascular 
changes The general course of events resembles somewhat the develop- 
ment and rupture of a boil 

The act of ovulation has been observed repeatedly m the rabbit and 
sheep (Fig 24) ’ * During the final few minutes the thin stigma dilates 
into a punplc-like cone Rupture at the tip follows quickly, but it is not 
explobixe The thin, stretched apex merely opens, the fluid content of the 



Fig 2 ^ — Ovar> , With ruptured follicle and Its ibsoctated genital tnc-t ( X 2) B Hemisected 
o\ar> with corpus luteum of pregnancy (X l 5) 

follicle flows slowly out and the follicle gradu-ally collapses Carried alongf 
with thib fluid-wa\e is the egg, which now tears away from its previously 
loosened cumulus oophorus The adhenng follicular cells, immediately 
investing the egg, constitute the corona radtata (Fig i6 A) 

Egg Transport — Ovulation discharges the egg into the peritoneal 
caMt>, but actually the ‘cavity’ which it enters is a mere space bounded 
by the moist surfaces of those organs in the immediate vicinity of the ovary 
Some observers claim that the fnnged end of the utenne tube embraces 
the ovary and sweeps over its surface at the general time of ovulation 
It IS, therefore, possible that the liberated ovum passes almost directly 
into the tube without ever gaining the body cavity in any real sense Both 
the beating cilia of the tubal lining and the augmented waves m the muscular 
of the tube at this period have been held responsible for directing the 



42 


THE DtSCIIAUGE AND UNION OP SEX CELLS 


egg into the oviduct and then transporting It downv.ard (Fig 25) Perhaps 
cihary activity is more cfTcctivc in picking up an egg, but there arc rather 
good reasons for thinking that the peristaltic movements arc more important 
in moving it down the tube (p try) 

It IS known that a pregnant utenne tube can occur on one side while 
the sole corpus luteum (a later stage of an ovulated follicle) is located in 
the opposite ovary Also there arc records of the rcmo\ al of one tube and 
of the opposite ovary, which still was followed by pregnancy These facts 
make it certain that the short-lived egg at times gets across to the tube 
of the other side Movements of the pelvic viscera might be thought to 
accomplish this transport in an accidental manner, on the other hand, 
several observers have seen a human utenne tube in intimate contact with 
the surface of the opposite ovary, so the transfer may be quite direct * 
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Fig 34 —Ovulation m the rabbit recorded in frames from a motion picture (after Hitl) 
A Follicle with beginninj cone (arrow) B Large cone conuining some blood C, Tollicuhr 
rupture extrusion of gelatinous material and blood Z>, Fxudate, attached to follicle (below) 
and containing ovum (^t arrow) 

The Corpus Luteum. — Following ovulation the collapsed and emptied 
Graafian follicle transforms into a new ovarian structure, named the corpus 
hiietm (t t . yellow body) (Fig ii) It is peculiar to those \-ertebrates 
that bnng forth living >oun^,’ and is espeaallj charactenstic of mammals 
The presence of a corpus luteum is a positive indication of previous ovula- 
tion, an expert can estimate the age of a corpus luteum with fair accuracy 
from its state of development The so-called lutein tissue, which character- 
izes the corpus luteum, comes chiefly from the enlargement of the stratum 
granulosum cells of the old follicle Within a few days the corpus luteum 
organizes into a prominent, highly vasculanzed mass whose structure is 
typically that of an endocrine gland There was little or no bleeding into 
the collapsed follicle at the tune of ovulation, but a significant amount of 
blood {corpus histnorrVagicwn) may appear within the central cavity some- 
what later during the stage of vascularization 

The subsequent history of the corpus luteum vanes only m the final 
size and length of life attamed When pregnancy does not supervene this 
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endocnne body is called a corpus lutcum of mciislnialion, or false corpus 
luteum, m this instance it reaches full size (1-2 cm ) and maturity in ten 
days Degeneration then enters (shortly before the ne\t menstrual bleed- 
ing) and a rapid decline folloiis Among the signs of involution is the 
increase of a fatt> pigment which gives the human corpus luteum its char- 
actenstic yelloii color Replacement of the regressing corpus luteum by 
fibrous tissue produces a white scar, the corpus albicans (Fig ii), several 
months elapse before all traces of it have disappeared When conception 
occurs, the corpus lutcum of pregnancy (so called true corpus luteum) con- 
tinues to grow until, at the thirteenth iieek, it reaches a final diameter of 
2 to 3 cm (Fig 23 B) Slow regression enters in the last halt of pregnancy 
and the mass eventually converts into a t) pica! corpus albicans 

The Tune of Ovulation— Both human ovulation and menstruation 
begin with puberty, recur at about twenty -eight-daj intervals, and dis- 




A B 

Fic 35 —A Reconstruction of i segment of the utenne tube of 'i nt cut nunj to shoft the 
e^ct positions of se\ en eggs (after Huber X 30t B Humnno\um incl lining of the lower utenne 
tube draw n to scale in trans\ erse section ( X 43) 

continue dunng pregnancy and at the menopause It is natural that some 
relation in timing should be inferred For many years ovulation and 
menstruation vere supposed to take place synchronously, like estrus and 
ovulation in lower mammals But when actual data uere collected it 
became apparent that this assumption is untrue In reality the time of 
ovulation is about mid\sa> between two menstrual penods Numerous 
sources of evidence, both direct and indirect, point to this conclusion * 
The monkey has a menstrual cycle identical with that of woman In 
this mammal the time of ovulation can be detected by palpation of the 
ovar> through the rectum * Hundreds of cycles, checked by daily palpation, 
have showed follicle collapse to occur only between days 8 and 23 (counting 
from the hrst day of menstruation), 86 per cent ovulated on days 10 to 
14, and 44 per cent on da>s 12 and 13 

About a dozen human eggs have been recovered from the utenne tube 
on days 14 to 19 and one on day 21 The average time at which freshly 
ruptured follicles have been observed m ovanes, mspected at operation, is 
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egg into the oviduct and then transporting it downward (Fig 25) Perhaps 
ciliary activity is more cflcctivc in picking up an egg, but there are rather 
good reasons for thinking that the ponstaltic movements are more important 
in moving it down the tube (p 117) 

It IS known that a pregnant utenne tube can occur on one side while 
the sole corpus lutcum (a later stage of an ovulated follicle) is located in 
the opposite ov ary Also there arc records of the removal of one tube and 
of the opposite ovary, which still •w’as follow cd by pregnancy These facts 
make it certain that the short-lived egg at times gets across to the tube 
of the other side Movements of the pelvic viscera might be thought to 
accomplish this transport in an accidental manner, on the other hand, 
several observers have seen a human utenne tube m intimate contact wath 
the surface of the opposite ovary, so the transfer may be quite direct * 
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Pio 24 —OvutaWon m the r\bb»t recorded in (tames (rom a motion picture (after Hill) 
A, Follicle, mth beginmnt cone (arrow) B Ixirgeconc contaimnR some blood C rollicular 
■rupture extrusion o( gelatinous material and blood D, Caudate, attached to follicle (below) 
and containing ovum (at arrow) 

The Corpus Luteum — Following ovulation the collapsed and emptied 
Graafian follicle transforms into a new ovanan structure, named the corpus 
luhum {le, yellow body) (Fig ii) It is peculiar to those vertebrates 
that bring forth li\ mg > oun^,’ and is especially charactenstic of mammals 
The presence of a corpus luteum is a positive indication of previous ovula- 
tion , an expert can estimate the age of a corpus luteum with fair accuracy 
from its state of development The so called lutein tissue, which character- 
izes the corpus luteum, comes chiefly from the enlargement of the stratum 
granulosum cells of the old follicle Within a few days the corpus luteum 
organizes into a prominent, highly v^culanzed mass whose structure is 
typically that of an endoenne gland There was little or no bleeding into 
the collapsed follicle at the time of ovulaUon, but a significant amount of 
blood {corpus hamorrhagtettm) may appear within the central cavity some- 
what later during the stage of vascularwation 

The subsequent history erf the corpus luteum vanes only m the final 
size and length of life attained When pregnancy does not supervene, this 
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chance and development to hazard The codfish la>s 10,000,000 eggs in a 
breeding period, an ouster 50,000,000, bj’’ contrast, in certain birds and 
mammals only a single egg is matured at a time Yet the end result is the 
same, since all animal types maintain their numbers equally veil 

Sperm Storage —At the conclusion of spermiogenesis the spermatozoa 
of mammals detach from the Sertoli cells Clusters are moved along the 
efferent ductules into the epididjmis where they separate but remain 
motionless The sperms accumulate m the epidid>mis (which is trav^ersed 
in the guinea pig in about is days), any storage m the seminal vesicles is 
incidental A physiological npening, both as regards motility and fertil- 
izabiUty , takes place in the epididymis as the sperms are forced onw ard by 
newer arrivals Spermatozoa gradually attain their full functional state, 
retain it for a limited penod, and, if not discharged, then slowly decline m 
vigor until death and resorption supervene 

Ejaculation — At the male climax, dunng coitus ejaculation occurs 
Involuntaiy muscular contractions forcibly eject the older spermatozoa, 
along with the secretions of several accessory glands which discharge at 
the same moment The aggregate mass is the seminal flittd, or semen It 
IS a mixture composed chiefly of the secretions of the seminal vesicles, 
prostate and bulbo-urethral glands, in which are suspended the spermatozoa 
The volume of the ejaculate is about 3 c c and in it swim some 350 000,000 
sperms An acid environment, such as the vagina where the seminal fluid 
IS first deposited, is deletenous or fatal to spermatozoa, a neutral medium, 
as furnished by the uterus and tubes, is more favorable 

Sperm Transport — The outstanding functional feature of spermatozoa 
IS their lashing, flagellate swimming which resembles that of a tadpole 
This property is confined to the tail, and its center of control is apparently 
located in the body of the sperm (antenor centnole^) Movement is first 
exhibited after ejaculation when the hitherto quiescent sperm cells are 
aroused to maximum motility by the combined ingredients of the seminal 
fluid at body temperature Forw ard progress of the human spermatozoon is 
at the rate of i 5 to 3 mm a minute which m relation to their respective 
lengths, compares well with the swimming ability of man On the whole, 
spermatozoa swim in an aimless fashion, but under certain, perhaps arti- 
ficial, conditions they onent passively against a feeble current (rheotaxis) 
and then continue to swim a spiral course upstream 

These innate activities, however, play but little part in the transport 
of sperms through the female genital tract “ Passage from vagina to 
uterus is apparently the result of muscular movements of the cervix, and 
the time occupied is less than a minute in some mammals The journey 
through the uterus is similarly accomplished, in some animals at least, by 
muscular propulsion, spermatozoa of the dog appear at the ends of the 
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on days 14 to 1 6 One ma>, perhaps, conclude that about the fourteenth 
day IS the commonest date for human ovulation Nevertheless, the monkey 
demonstrates that considerable latitude must be expected on each side of 
this mean How much this is and to what degree irregular ovulations 
occur, IS not known 

If it is true that ovulation is usually limited to relatively few days at 
the middle of the human menstrual cycle, then the accumulated clinical 
records, which cite the eighth day as the time when coitus proves most 
fruitful, must be faulty Even allowing for a considerable scattering of 
dates, due to constant irregularity on the part of some women and occasional 
variation on the part of others, there is definite conflict wath the belief of 
some clinicians that w’omen have become pregnant on every possible day 
of the cycle Any attempt to reconcile these divergent conclusions on 
the basis of a long survival period (in a potent, waiting condition) of the 
sperm, egg or both elements, runs contrary to all present evidence A full 
understanding of these matters must await additional, reliable data 

Egg Viability — How long the human egg retains its ability to receive 
a sperm and then start developing cannot be stated with certainty In 
lower mammals the penod is bncf— a matter of hours rather than days 
Similarly, the monkey becomes pregnant only when mated near its time 
of ovulation For the human ovum it is now generally believed that the 
fertihzable penod cannot be much more than one day 

If a mammalian egg does not become fertilized, it degenerates while m 
the oviduct In the guinea pig this decline becomes visible within 24 hours 
after ovulation, whereas functional detenoration enters as early as eight 
hours “ Most of the unfertilized eggs that have been recovered from the 
utenne tubes of both the monkey and man showed signs of degeneration 

SEMINATION 

In most aquatic animals the eggs and sperm are discharged externally 
at about the same time and place Their meeting depends largely upon 
chance, enhanced by the production of immense numbers of sex cells Some 
animals increase the certainty of such cell union by pscudocopulatton , thus 
the male frog clasps the female and pours his spermatic fluid over the eggs 
as they are extruded On the other hand many invertebrates and most 
vertebrates, including all reptiles, birds and mammals, have their sex cells 
unite in the genital tract of the female This is brought about by the 
sexual embrace termed coptilahon, or coitus Its biological purpose is to 
introduce spermatic fluid into the female, and this deposit constitutes 
semination In general, those animals whose offspnng reach maturity with 
reasonable surety (as the result of mtemal fertilization and parental care 
after birth) produce far fewer eggs than do those that leave fertilization to 
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exceeded by some bats, inasmuch as coitus occurs in the autumn whereas 
ovulation and fertilization are delayed until the end of hibernation in the 
spnng^^ Among other vertebrates the hen is knonn to retain functional 
sperms in its oviducts for as long as three weeks, while a penod of four 
years has been claimed for the terrapin Also in some invertebrates long 
life for the sperm is well authenticated, female ants and bees retaining 
functional spermatozoa for several >ears 

The data for man are based partly on knowledge but mostly on in- 
ference Some observations following castration imply that the spermato- 
zoa already present in the male sexual ducts may remain alive for months 
Human sperms also have been kept alive in salt solution for fourteen da>s, 
and an equal length of life and function within the female tract has too 
often been inferred This both lacks support from what is known on other 
mammals, and is inconsistent with the results gamed from attempts to 
recover spermatozoa from the utenne tubes of healthy women Thc> 
disappear from the tubes within two or three da>s after coitus There is 
no good reason for behoving that the duration of fertilizing capacity extends 
beyond a da> or two That the' sperm may he in wait for the egg, or the 
reverse, for any considerable penod of time is contrary to expencnce, since 
the human species is relativel> so infertile 

FERmiZATICN 

The formation, maturation and meeting of the male and female sex 
cells are all preliminary to their actual union into a combined cell, or zygote, 
which definitely marks the beginning of a new individual This penetration 
of ovum by spermatozoon, and the coming together and pooling of their 
respective nuclei, constitutes the process of fertilization (Fig 26) In 
practically all animals fertilization also supplies the stimulus that starts 
the ovum dividing and thus sets off development m the ordinary sense 
The eggs of certain invertebrates (rotifers, crustaceans, insects), however, 
develop regularly without being fertilized This method is styled partheno- 
genesis (virgin ongin), and in such cases there is often but one polar cell 
and no reduction in the number of chromosomes Only rarely is the sperm 
of one species able to fertilize successfully the egg of another species The 
h>bnd progeny is usually infertile, like the mule, but often possesses greater 
size and vigor than either parent 

The Events of Fertilization — Both the male and female sex cells have 
to be in a proper state of raatunty if union is to occur The time when the 
egg becomes fertihzable vanes slightly in different animal types, it may be 
before maturation begins, after it is completed or at any intermediate 
stage In vertebrates the first polar body has already been extruded, not 
until then does penetration by the sperm begin In mammals the second 
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utenne horns within one minute after ejaculation occurs On the other 
hand, spermatozoa of the rabbit consume two hours in traversing the 
uterus, possibly this is because their own motive power is unaided 

In the utenne tube the upward progress, as studied in the rabbit, is 
of quite a different nature, although again the spermatozoon is a passive 
passenger Muscular constnctions in the wall of the tube subdivide its 
lumen into temporary chambers in which the spermatic fluid is churned and 
distnbuted through the action of ciliary currents and countercurrents, 
against these, flagellate swimming is of no avail By the forming and re- 
forming of such compartments at different levels there is an interchange of 
contents from one to the other, and thus sperms move in a random manner 
both up and dow n the tube Rabbit spermatozoa complete the tubal por- 
tion of their journey in two hours, or four hours from the time of coitus 
Sharply contrasted are the ram, dog, guinea pig and rat in which the time 
spent after ejaculation in reaching the vicinity of the ovary is about* 
twenty minutes The total penod required by human spermatozoa in 
reaching their destination is unknown, but it cannot be more than a few 
hours at most Direct observations on the method of transport arc wholly 
lacking 

Sperm Vitality — Two important questions arise in connection with the 
activities of spermatozoa in the female genital tract One concerns the 
time lunit in which the sperm lives and moves, the other, and far more 
important query, is how long such an clement actually retains its ability 
to unite with an egg and activate it Adequate observations on many 
animals indicate that these two penods are not co-e\tcnsive Motility is 
a function of the tail, which is largely an accessory, the mere fact that a 
sperm swims does not necessanly imply that it can still fertilize For 
example, rabbit spermatozoa retain their motile capacity after 6o days’ 
retention within the male sexual ducts, whereas they prove fertile only to 
the thirty-eighth day Furthermore, when once the rabbit semen gets 
into the genital tract of the doe it loses its ability to fertilize within 30 
hours and the unused sperms usually die within tw o days 

It seems certain that this more rapid loss of fertihzability and life 
after spermatozoa enter the female mammal is due partly to a rapid decline 
in vigor in these specialized elements which, possessing but a limited amount 
of stored energy, have hitherto been spared from rapid katabolism by 
their inactivity In addition, there are other factors, such as the deleterious 
effect of secretions from the female tract and the astonishing susceptibility 
of sperms to the slightly higher temperature of the intenor of the body m 
comparison to that of the scrotum 

Semination of the mare as long as six days before ovulation occurs 
can result in pregnancy " This penod of fertilizability, however, is far 
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exceeded by some bats, inasmuch as coitus occurs in the autumn whereas 
ovulation and fertilization are delayed until the end of hibernation in the 
spnng Among other vertebrates the hen is hnoi\n to retain functional 
sperms in its o\iducts for as long as three \\eeks, A\hilc a period of four 
years has been claimed for the terrapin Also in some invertebrates long 
life for the sperm is ^^ell authentic itcd, female ants and bees retaining 
functional spermatozoa for se\eral years 

The data for man are based partly' on knowledge but mostly on in- 
ference Some obscrxations following castration imply that the spermato- 
zoa already present in the male sexual ducts may remain alnc for months 
Human sperms also have been kept alive in salt solution for fourteen days 
and an equal length of life and function within the female tract has too 
often been inferred This both lacks support from what is known on other 
mammals and is inconsistent with the results gained from attempts to 
recover spermatozoa from the utenne tubes of healthy women They 
disappear from the tubes wathin two or three days after coitus ” There is 
no good reason for behoving that the duration of fertilizing capacity extends 
beyond a day or two That the sperm may he in wait for the egg, or the 
reverse, for any considerable penod of time is contrary to expcnence, since 
the human species is relatively so infertile 

FERTILIZATION 

The formation, maturation and meeting of the male and female sex 
cells are all preliminary to their actual union into a combined cell or zygote, 
which definitely marks the beginning of a new individual 1 his penetration 
of ovum by spermatozoon, and the coming together and pooling of their 
respective nuclei, constitutes the process of fcrtilizaiiou (Fig 26) In 
practically all animals fertilization also supplies the stimulus that starts 
the ovum dividing and thus sets off development in the ordinary sense 
The eggs of certain invertebrates (rotifers, cnistaceans, insects), however, 
develop regularly without being fertilized This method is styled partheno- 
genesis (virgin ongin), and in such cases there is often but one polar cell 
and no reduction in the number of chromosomes Only rarely is the sperm 
of one species able to fertilize successfully the egg of another species The 
hy bnd progeny is usually infertile, like the mule, but often possesses greater 
size and vigor than either parent 

Events of Fertilization — ^Both the male and female sex cells have 
o ® ^ proper state of maturity if union is to occur The time when the 

egg ecomes fertilizable vanes slightly in different animal types, it may be 
e ore maturation begins, after it is completed or at any intermediate 
^ >1 ” ^^>^*^6brates the first polar body has already been extruded, not 

un 1 t en does penetration by the sperm begin In mammals the second 
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polar spindle is also present but in a state of arrest (Fig 15 B) Only dunng 
the preliminary events of fertilization does this second meiosis go through 
to completion For its part, a spermatozoon to be successful must still 
possess high motility and, like the egg, must be m the functionally potent 
phase intermediate bctivcen under- and ovcr-npcncss 

Penetration — Random movements bnng the sperm cells m contact 
with an egg There is no real proof of any actual chemical attraction, but 
the secretions of some eggs may serve to trap sperms accidentally entering 
their sphere of influence, a positive tactile response (thigmotaxis) also keeps 
the sperm head in contact with anything touched The spermatozoa of 
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Fig 26 — Semidiagramm'itic stiges of the events in fertilization (Howell after Boven) The 
chromatin of the ovum is colored blue that of the spermnlozofin red 

mammals secrete a substance that causes dispersion of the cells of the corona 
radiata still adhenng to the egg “ They then propel themselves past any 
cellular remains of the corona and attach to the surface of the egg mem- 
brane Only motile sperms are able to effect this attachment The mam- 
malian sperm head penetrates the zona pellucida, after which the lashing 
movements quickly cease and the successful male element is passivelj 
engulfed by the egg cytoplasm and drawn inward, tail and all (Figs 26 A 
and 27 A) Competing, unsuccessful spermatozoa are commonly seen 
embedded in the zona pellucida (Fig 34 A) In a few lower forms the tail 
detaches and is left outside the egg 
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The eggs of mammals and many other animals can be entered at an) 
point by a sperm On the other hand, sperms avoid the voikdaden pole 
of an egg like that of the frog Even more severe restrictions attend the 
eggs of fishes, molluscs and insects that arc invested with heavy mem- 
branes, these egg capsules usuallj have a definite, funnel-shaped aperture, 
the micropyle, through which the male cell must enter (Fig i6 D) In 
many animals, including mammals, only one sperm normally gains entrance 
into an egg, others, endeavoring to penetrate, are thereafter excluded in 



Fig 27 — Fertilization of the ov um of the bat (after Van der Stneht) X 650 A Entrance 
of sperm itozoon as second pol ir bod> cuts off B Male (cT) and female ( ? ) promiclei about to 
approach C Pronuclei readj to incr{,e, centrosome present at left of pronticlei D Spindle 
of first cleavage division 


some incomplete!} understood way If accident or reduced vitality admits 
more than one sperm the condition is termed polyspermy, development 
then IS abnormal and soon ends except in some eggs (for the most part, 
those heavily laden with }oIk) which regularly exhibit poI}spenny In 
all such instances, nevertheless, only one sperm actually unites with the 
egg nucleus, all others pensh more or less promptl}, without having con- 
tributed in an} significant way to the mam course of development 

Behavior of the Pronuclei' — ^The sequence of events in fertilization 
proper is illustrated in Figures 26 and 27 Once within the penpher} of 
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the egg, the sperm head rotates, end for-cnd, and advances toward the 
center of the egg Dunng this journey the head swells, becomes open- 
structured, and converts into a nucleus of typical appearance which is given 
the special name of male promtclctts At about this time the tail detaches 
from the rest of the spermatozoon, but it does not disappear from sight 
until somewhat later Both the mitochondrial granules and the Golgi 
substance of the sperm disperec into the egg cytoplasm and fragment 
Dunng the progress of these events the final maturation division of the egg 
has been completed and the now smaller, reconstituted egg nucleus (female 
pronucleus) made ready for union To this end the two pronuclei approach 
and meet In some animals they actually fuse and so produce a clcaiage 
nucleus In others, including mammals, each pronuclcus loses its nuclear 
membrane and resolves its chromatin into a complete single set of chromo- 
somes Each set then enters into the first cleavage division as a unit 
(Fig 26) Meanwhile a centrosomc, presumably the anterior one of the 
sperm, appears betw’een the chromosome groups and divides into two 
After all of these preliminanes the first cleavage spindle soon organizes 
with the double set of male and female chromosomes arranged midway as 
an equatonal plate The full chromosome number, tcmpor.mly halved in 
each gamete by maturation, is thus restored Fertilization is now' complete 
and the egg, freed from its previous restraints, divides in the ordinary 
mitotic way In the rabbit the total events of fertilization occupy ten 
hours 

The Results of Fertilization — It is worth while to emphasize again 
that the male and female cells, merging in fertilization, are each in a sense 
defective but complementary to the other Thus the general cytoplasm 
and yolk are supplied by the egg alone, whereas the sperm probably bnngs 
in the functional centrosome (except in parthenogenesis when it must anse 
withm the egg) Both the egg and sperm contnbute equally to the requisite 
nuclear substance, and both contnbute mitochondnal and Golgi bodies 
By such pooling of the matenals of the two sex cells there results a new, 
joint product, again charactenstic of the speaes 

The fundamental results of fertilization are (i) Reassociation of the 
male and female sets of chromosomes By bnnging together equivalent 
chromatin contnbutions from two different parents (and thus restonng the 
typical number of chromosome-pairs) there is furnished a physical basis for 
biparental inhentance and for variation (2) Activation of the ovum into 
cell division, or cleavage As the result of the first cleavage mitosis, and all 
subsequent ones, every cell of the developing body receives a sample of each 
kind of chromosome pooled at fertilization It should be clearly under- 
stood, however, that mitotic activation is not dependent on the presence of 
two pronuclei or on their union, as natural or artifically induced partheno- 
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genesis proves Such union is, nevertheless, an end and aim of normal 
fertilization 

Human Fertilization — 06c>tcs have been removed from large ovanan 
follicles, subjected to spermatic fluid and then incubated, in a few instances 
they advanced through the first or second cleavage division A stage 
shonang actual pronuclei has also been announced There is no hesitanc> 
m believing that the essential course of events in man agrees uith that in 
other mammals 

The meeting and union of the human sex cells is believed to tahe place 
normally in the upper third of the utenne tube It is altogether certain 
that fertilization cannot be delayed until the ovum reaches the uterus, 
since staleness and degeneration enter rather soon Presumably it does 
not take place even in the lowest levels of the utenne tube, at least, de- 
generating human ova have been recovered from the tube, and the un- 
fertilized eggs of most mammals begin to show visible signs of decline b> 
the time they near the uterus The final fate of unfertilized eggs is diS' 
solution in the uterus 

Superfetation — ^To fulfill the requirements of sui-ierfctation it is neccssar> that a preg- 
nant female o\ulate, conceive and produce a second, joungtr fetus In the earlj months of 
human pregnancy superfctation is theoretically possible A few apparent examples have 
been recorded for loner mammals and at least one suggestive case for man However, it 
IS diflicult to exclude an interpretation of strikingly unequal twins m which one member has 
experienced retardation in size and dilTcrcntiation 

Superfecundation — This term designates the impregnation by successive acts of coitus 
of two or more eggs that were liberated at the same ovulation In those lower mammals 
that are characterized by multiple births, superfecundation is known to occur, in such 
instances litter mates can have difTercnt fathers Us possibility m man cannot be doubted 
even though no records exist than can 6c accepted as indisputable proof 

HEREDITY AND SEX 

Heredity and Environment — There is an intimate inter relation betw een the dev eloping 
embryo (and its constituent parts) and the immediate environment which it encounters 
Both the directing force of heredity and the molding influences of env ironment are important 
features of de\eIopment, and to weigh one against the other is to lose sight of the integrated 
process of development as a whole An altered environment may induce physical changes 
m the embry o, but the inheritance of such acquired characters as the result of direct action 
upon the soma still lacks adequate proof The ineffectualness of somatic mutilations, such 
as circumasion, ev en though continued through many generations, is too obv lous for extended 
comment On the other hand, abnormal cnvnronmental influences, such as X rays can have 
a direct effect upon the genes that results m the appearance of new somatic characters know n 
as 

The Mechanism of Heredity —That ‘like begets bke' has long been known, but the 
fonnulation of the principles under which heredity c^erates (* e , the science of gcnc/tcs) is a 
telaWxely recent achievement Heredity actsm od^l^flen complex, but still predictable 
ways once the genetic constitution rf^^anunalTs unde'rstood Even mutations, which 
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the egg, the sperm head rotates, end for-end, and advances toward the 
center of the egg Dunng this joiimcj the head swells, becomes open- 
structured, and converts into a nucleus of typical appearance which is given 
the special name of vialc pronuclctts At about this time the tail detaches 
from the rest of the spermatozo6n, but it docs not disappear from sight 
until somewhat later Both the mitochondnal granules and the Golgi 
substance of the sperm disperse into the egg cytoplasm and fragment-’ 
Dunng the progress of these events the final maturation division of the egg 
has been completed and the now smaller, reconstituted egg nucleus {female 
pronucleiis) made ready for union To this end the two proniicici approach 
and meet In some animals they actually fuse and so produce a cleavage 
nticlats In others, including mammals, each pronucleus loses its nuclear 
membrane and resolves its chromatin into a complete single set of chromo 
somes Each set then enters into the first cleavage division as a unit 
(Fig 26) Meanwhile a centrosome, presumably the antenor one of the 
sperm, appears between the chromosome groups and divides into two 
After all of these prcliminancs the first cleavage spindle soon organizes 
with the double set of male and female chromosomes arranged midway as 
an equatonal plate The full chromosome number, temporanly halved in 
each gamete by maturation, is thus restored Fertilization is now complete 
and the egg, freed from its previous restraints, divides in the ordinary 
mitotic way In the rabbit the total events of fertilization occupy ten 
hours 

The Results of Fertilization — It is worth while to emphasize again 
that the male and female cells, merging in fertilization, are each in a sense 
defective but complementary to the other Thus the general cy toplasm 
and yolk are supplied by the egg alone, whereas the sperm probably bnngs 
in the functional centrosome (except m parthenogenesis when it must anse 
within the egg) Both the egg and sperm contnbute equally to the requisite 
nuclear substance, and both contnbute mitochondnal and Golgi bodies 
By such pooling of the matenals of the two sex cells there results a new, 
joint product, again charactenstic of the species 

The fundamental results of fertilization are (i) Reassociation of the 
male and female sets of chromosomes By bnnging together equivalent 
chromatin contnbutions from two different parents (and thus restormg the 
typical number of chromosome-pairs) there is furnished a physical basis for 
biparental mhentance and for vanation (2) Activation of the ovum into 
cell division, or cleacage As the result of the first cleavage mitosis, and all 
subsequent ones, every cell of the developing body receives a sample of each 
kind of chromosome pooled at fertihzation It should be clearly under- 
stood, however that mitotic activation is not dependent on the presence of 
two pronuclei or on their union, as natural or artifically induced partheno- 
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genesis proves Such union is, nevertheless, an end and aim of normal 
fertilization 

Human Fertilization —Oocytes have been removed from large ovanan 
follicles, subjected to spermatic fluid and then incubated, in a few instances 
they advanced through the first or second cleavage division =- A stage 
showing actual pronuclei has also been announced '’=* There is no hesitanc} 
in believing that the essential course of events in man agrees with that in 
other mammals 

The meeting and union of the human sc\ cells is believed to take place 
normally in the upper third of the uterine tube It is altogether certain 
that fertilization cannot be dela>ed until the ovum reaches the uterus, 
since stalencss and degeneration enter rather soon Presumably it does 
not take place even in the lowest levels of the utenne tube, at least, de- 
generating human ova have been rccov'crcd from the tube, and the un- 
fertilized eggs of most mammals begin to show visible signs of decline hy 
the time they near the uterus The final fate of unfertilized eggs is dis- 
solution in the uterus 

Superfetation— To fulfill the requirements of superfeniion it is necessir> thvt a preg- 
nant female ONVilate, conceive and produce a second, jounger fetus In the carlj months of 
human pregnancy superfetation is theoreticalb possible A few ap])arcnt examples have 
been recorded for loiver mammals and at least one suggestive c'i«e for man However, it 
IS difficult to exclude an interpretation of slnkingl> unequal twins m which one member has 
experienced retardation in size and difTerentiation 

Superfecundation — This term designates the impregnation b> successive acts of coitus 
of two or more eggs that were liberated at the same ovailation In those lower mammals 
that are characterized b> multiple births, supcrfccundation is known to occur, in such 
instances litter mates can hav e different fathers Its possibility m man cannot be doubted 
even though no records exist than can be accepted as indisputable proof 

HEREDITY AND SEX 

Heredity and Environment — There is an intimate inter relation between the developing 
embryo (and its constituent parts) and the immediate environment which it encounters 
Both the directing force of heredity and the molding influences of env ironmcnt are important 
features of development, and to weigh one against the other is to lose sight of the integrated 
process of development as a whole An altered environment may induce physical changes 
m the embryo, but the inheritance of such acquired cliaracters as the result of direct action 
upon the soma still lacks adequate proof The ineffectualness of somatic mutilations, such 
as circumcision, e% en though continued through many generations, is too obvious for extended 
comment On the other hand, abnormal environmental influences, such as X-ray s, can hav e 
a direct effect upon the genes that results in the appearance of new somatic characters know n 
as mutations 

The Mechanism of Heredity — That ‘like begets like’ has long been known, but the 
onnulation of the principles under v\hich heredity operates (* e , the science of genetics) is a 
re ative y recent achie\ement Heredity acts 10 orderly.,j 3 ften complex, but still predictable 
ays once the gene'^’^ 1 I Even mutations, which 
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occisionally occur as the result tjf spontaneous or induced clnnRCs within the genes, are not 
outside the realm of analjsis and comprehension Human mhcntancc is jmix:rfcctl> under 
stood, due to the mixed ancestrj of man and hts unselectivc mating, > et numerous characters, 
defects and disease tendencies that follow the typical plan arc known Naturally the oper 
ation of heredity is much more c isil> analyzed in laboratory animals whose stock can be 
Selected and matings controlled Incidental mention may be made of the fact that the close 
inbreeding of man or any other animal docs not of itself produce degeneracy , it merely 
provides a better opportunity for the bringing out of certain traits, both desirable and 
undesirable, with which a common stock may be enilowcd 

The principles of genetics can be approached only through an understanding of its 
basis, as founded by Mendel Cxpcnmcnls show that hereditary characters fall into two 
opposing groups, the contrasted pairs of which arc termed alleles As an example, the hered 
itary tendencies for brown and blue eyes may be followed It is bchevcfl that there is a pair 
of particles, or gciiri that is responsible for eye color, that they he in a specific pair of chromo- 
somes, and that each kind of gene is located normally at a corrcsixinding position m its 
respective chromosome (Fig 2 t) Each chromosome iiair in any particular germ cell may 
possess similar genes (both bearing browai-eycd determiners or both blue-eyed determiners), 
or the chromosome pair may carry opposing genes (the one bcanng browai , and the other 
blue cyetl determiners) It is further bchcvcil that at mciosis these pairwl genes separate, 
each in its respective chromosome, and that one only of any jiair is retained m each definitive 
sex cell 

If all the gametes of both sexes contain nothing but brown (or blue) genes, then the 
progeny can liav e only brown (or blue) eyes. But if each parent carries both brown and blue 
genes then the results are more varied In this instance some gametes with a brown gene 
and an equal number wath a blue gene develop in both sexes At fertilization three lands of 
combination are possible, as is shown m the following schema where ‘li' represents brown 
and h\ blue 
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The offspnng from two 'brown’ gametes {BE) will all have brown eyes, and, if interbred 
their progeny will likewise inherit brown ey es exclusively Similarlj, the offspnng from two 
‘blue’ gametes (66), or their interbred progeny, will include nothing but blue eyed mdmduals 
The offspring from the brown and blue union {Bb) will have brown eyes solely, for brown m 
the present example is dominant, as it is termed Such brown ey ed mdmduals, nev ertheless 
possess both brown- and blue eyed genes m thar germ cells, m the progeny resulting from 
the interbreedmg of this class, the original condition is repeated — pme brown, impure brown 
which hold blue recesstie, and pure blues will be formed in the ratio of i 2 i, respectively 
It IS thus seen that blue-ey ed children may be bom of brown ey ed parents, whereas genet- 
ically pure, blue-eyed parents can never have brown-eyed offspnng If offspnng carrying 
Bb genes cross with others carrying either BB or bh, then half of the progeny will be like 
one of these parents and the other half like the other parent A cross involving BB and bb 
will result solely m Bb hybrids 
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Sex Determination — ^The sex-dctenmrang power resides in a chromosome that can be 
identified in man> animals This chromosome is termed the X- or sex chromosome It is 
now agreed that the oogonia of woman, like all her somatic cells, contain 46 ordinar) chro- 
mosomes and two X-chromosomes Human spermatogonia duplicate this chromosomal 
assortment except that there is only one X-chromosomc, its mate is a diminutue, inert 
structure designated as the "i -chromosome (Fig 10) At meiosis the members of each chro- 
mosomal pair are separated and onlj a single Mit of chromosomes is retained by an> daughter 
cell Hence all ripe o\a and polar bodies contain 23 + X On the other hand, reduction 
in the male produces two classes of spermatozoa, one group has 23 +X, while the other group 
(equal m numbers) has 23 -f Y (Fig 28) Fertilization b> the first kind of sperm cell results 
m a female (46 -f 2 X) fertilization by the second tjpe produces a male (46 -h X + V) It 
naturally follows that the determination of sex is governed b> the chance success of one t>pe 
of sperm or the other and th it it is quite bej ond human control The constant racial pro 
ponderance of newborn males over females (106 100) cannot be explained on the basis of 
anj demonstrable advantage possessed b> the male determining sperm The determiners 
of vanous human traits are known to reside in and follow the sex chromosome, and the 
peculiarities in the transmission of such defects as color blindness and hemophilia are 
explainable on this basis 



Fig 28 — Pnmar> spcfmatoc> te of a male Negro, at the metaphasc stage (after Painter) X 2200 
In this rcductional div ision the sex chromosomes hav e separated precociously 

In some animals the X-chromosome of the male is without a mate, and a minority 
opinion still maintains that this is the condition in man ** There is no fundamental differ- 
ence between the X -0 and X-Y scheme of sex determination In each a double dosage of 
the X-chromosome is responsible for femaleness, a single dosage for maleness, the presence 
or absence of Y has no effect on sex determination In birds, moths, and some fishes the 
sex-detemuning system is the exact reverse of that already described, inasmuch as the 
spermatozoa are all alike m chromosomal constitution while the eggs are of two sorts 

The mere association of sex determination w ith the occurrence of an identifiable chromo- 
some does not, of course, indicate the full nature of the actual mechanism at w ork In reality 
the details are both varied and complex In some lower orgamsms the environment is the 
decisive factor that directs sex into one channel or the other On the other hand, sex- 
regulating genes are highly potent in insects In vertebrates the> are at least chieflj effectiv e 
m the early stages of development, whereupon their influence is reinforced by the gonadial 
hormones which superintend the process of sexual differentiation 
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CHAPTER IV 


CLEAVAGE AND GASTRULATION 

The Periods of Early Development — There is a high degree of unity in 
the early development of all multicellular animals The essential identity 
of gametogenesis, maturation and fertilization has already been emphasized 
Further phases of earl> development, fundamentally similar in all animals, 
include cleavage and the formation of the pnmary germ layers 

Promptl) following the union of the male and female sex cells, the 
fertilized egg enters on a senes of cell divisions which give the first external 
sign of development in the ordinary sense of that term This initial penod 
in the production of a new, many-ccllcd individual is called clcocagc By 
It the egg IS subdivided into many smaller cells which typically arrange 
themselves into a hollow sphere, the blastula An important advance in 
organization is then accomplished by gastrulaUon, through which the cells 
of the blastula become redistnbuted as the pnmary germ layers These 
are three in number and from their positions are named ectoderm, mesoderm 
and entoderm They contain the material out of which the embryo and all 
Its parts will differentiate 

The Vertebrate Groups — Although the development of man is the main theme of this 
book, It IS necessar> to refer from time to time to conditions m lower animals and particularly 
in other vertebrates ChordaUs are animaU charactenzed b> the possesi>ion of an axial, rod- 
like support known as the chorda dorsalis or notochord Most important of the lower chor- 
dates to embryology is Amphioxus. whose development has furnished considerable funda- 
mental information The highest group of chordates is the lertebrafes whose provisional 
notochord is replaced by a skull and vertebral column Vertebrates fall into five classes 
The three highest groups possess an enveloping embr>onic membrane named the amnion, 
and this feature is the basis of a convenient classification 
A ANAMNIOTA (amnion absent) 

1 Fishes — Iampre> sturgeon, shark, bony fishes, lung fish 

2 Amphibians — salamander frog, toad etc 
B AMNIOTA (ammon present) 

3 Reptiles — lizard, crocodile, snake turtle 

4 Birds 

5 Mammals — Characterized by hair and mammary glands 

a Monotremes — duck bill echidna Pnrmtive mammals possessing a cloaca, like 
lower vertebrates They lay laige eggs with shells 
b Marsupials— opossum kangaroo etc The young are bom immature and are 
sheltered m a pouch of the skin 

c Placentaha All other mammals, their young are nounshed m the uterus by 
means of a placenta The highest order is the Pnmates with specialized ‘nails’ 
55 
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(lemur, monkey, ape, min) Since the Icmuts arc considerably dilTcrcnt from 
other primates, the monkey, ape iml man are con\cnicntly placed m the sub 
order of Anthropoids 

CLEAVAGE 

Cleavage progressively splits the fertilized egg into smaller cells, 
termed blasiomcrcs Cleavage divisions arc alvtays mitotic and each 
daughter cell receives the full assortment of chromosomes, half from each 
parent The succession of mitoses tends typically to follow the doubling 
sequence 2, 4, 8, 16, etc , although in practice the rcgulanty of this senes 
IS disturbed sooner or later and thereafter becomes irregular In most 
animals the divisions follow m relatively quick succession, in none do the 
daughter cells grow as a whole, although their nuclei enlarge to a certain 
extent Consequently, at each mitosis the blastomcrcs arc reduced pro- 
gressively m size until finally the size relation between the onginally over- 
large cell bodies and their nuclei is normal In a strict sense, therefore, 
cleavage is a fractionating process which provides mobile building units, 
rather than a process of truly constructive development The mass of Imng 
substance, available for development, has not increased appreciably when 
cleavage comes to an end 

The cluster-stage of cohering, sticky blastomcrcs is sometimes called 
a morula from its general resemblance to a mulberry By this time the 
blastomeres tend to be arranged about a central, free space Their con- 
tinued subdivision produces the bhslttla, whose central, fluid-filled cavity 
IS the blasiocccle, or cleavage cavity In its simple, typical form the blastula 
IS a hollow sphere of cells 

It is the active protoplasm of the egg that accomplishes division The 
inert, stored yolk-substance is not involved beyond acting as an impediment 
which retards the process of mitosis, and even prevents it from extending 
into overdense regions In this way the relative amount of yolk and its 
even or uneven distnbution throughout the egg have a profound influence 
on cleavage and the mechanics of moving the germ layers into their final 
positions Yet, in spite of the hindering yolk, the processes at work and 
the results accomplished are fundamentally comparable in all vertebrate 
types The simplest explanation of this basic uniformity is the directing 
influence of a common inheritance which labors as best it can with eggs 
variously endowed with yolk 

On the basis of the abundance and distribution of yolk cleavage is 
classified as follows 

A Total Entire ovum divides, holoblastic 00a 

I Equal In isolecithal ova, blastomeres are of approximately 
equal size, eg , Amphioxus, marsupials and placental mam- 
mals 
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2 Unequal In moderately telolecithal ov.a, yolk accumulated at 
the vegetal pole retards mitosis, and fener but larger blasto- 
meres form there, eg, lower fishes and amphibians 

B Partial Protoplasmic regions alone cleave, mcroblastic e.a 

1 Discotdal In highly telolecithal ova, mitosis is restricted to 

the animal pole, eg, higher fishes, reptiles, birds and mono- 
tremes 

2 Superficial In centrolecithal ova, mitosis is restneted to 

penpheral cjtoplasmic imestment, limited to arthropods 

Observations on cleavage bring to light certain general principles which 
can be formulated as rules Nevertheless, these should not be regarded as 
invanable laws because they are occasionally disturbed by other, incidental 
influences 

1 A mitotic spindle occupies the ‘center of density’ of its protoplasmic 
mass (In an isolecithal ovum the spindle is located centrally, in a telo- 
lecithal ovum it IS nearer the animal pole ) 

Corollary Blastomeres divide into two equal parts unless the yolk is 
unevenly stored 

2 The axis of a spindle occupies the longest axis of its protoplasmic 
mass (Evident in ovoid blastomeres ) 

Corollary The ensuing plane of division cuts across this long axis, 
and the daughter cells revert to a more spheroidal shape 

3 Each new division plane tends to intersect the preceding plane at 
nght angles (Acts to maintain the spheroidal shape of blastomeres ) 

4 The speed of cleavage is inversel> proportional to the amount of 
>olk encountered (In telolecithal ova, animal cells divide faster than 
vegetal cells ) 

An understanding of cleavage and gastrulation is best gamed through 
a comparative approach In this way the increasing influence of yolk can 
be appreciated and the information obtained from lower vertebrates can 
be used to explain certain conditions in mammals that otherwise would 
be puzzling 

Amphioxus — The almost microscopic egg of this fish-shaped chordate 
contains a small amount of yolk which is somewhat concentrated at one 
end, the vegetal pole Yet for all practical purposes it can be considered 
isolecithal Cleavage is total and unequal About one hour after fertil- 
ization the egg divides into two blastomeres, the plane of this first cleavage 
passing through the egg axis from pole to pole (Fig -29 yl) Soon the 
aughter cells again cleave in a vertical (mendional) plane, but at right 
angles to the first plane, thus forming four cells (j5) In the third senes of 
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divisions the plane of separation is horizontal (C) As the yolk is some- 
what more abundant toward the vegetal pole, the four mitotic spindles 
he nearer the animal pole, consequently, m the resulting eight-celled stage 
the upper tier of four cells is slightly smaller than the lower four A return 
to cleavage in the mendional plane produces a iG celled morula (D) At 
this time the blastomcrcs surround a rather definite space at the intcnor 
which IS the early cleavage cavity, or blaslocalc The continuation of 
practjcallv synchronous cell divisions m alternate planes produces a 32-, 
64- and isS-cell stage, dunng this period the size of the cells ts progressucly 
diminished while the central cavity enlarges (JS) After the seventh set 
of divisions (128 cells) the regularity of timing is lost When the cmbrjonic 



I IG 29 — Cleavige in Amphioxus Mcwcd from the side (after Hatschek) X ?oo A Tno 
blistomeres separating one polar body retained B, Four blastomcres C Eight blastomeres 
D Morula, with sixteen blastomeres E Young blastula F Old^r blastula, hemiseetpd 


mass IS about four hours old it consists of 128 or (theoretically) 256 cells 
and IS a diagrammatic blasUtla (F) This is a hollow sphere it is made of a 
single layer of cells which are arranged about a large blastoccele, filled mth 
a watery jelly 

Amphibians — Cleavage is total, but unequal The moderately telo- 
lecithal egg is 1 to 10 mm m diameter and contains sufficient yolk to crowd 
the nucleus and much of the cytoplasm nearer the animal pole (Fig 16 B) 
As in Amphioxus, the first two divisions subdivide the egg as. one would 
quarter an apple The spmdleo for the third cleavage are again nearer 
tiie animal pole, but this division takes place m a honzontal plane (Fig 
30 A) Hence the upper four cells thus cut off, are distmctly smaller than 
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the lower four In the further cleavages that follow , the larger j olk-laden 
cells divide more slowly than the smaller, more purely protoplasmic ones 
of the animal pole (B) After about 32 cells have been formed, tangential 
divisions (whose separation planes parallel the surface) begin to occur 
along with the other tj pes already descnbed Cleavage ends after about 
one day with the completion of a qmte typical, hollow blaslida (C, O), 
the central blastoccclc is enclosed by blastomeres which are small at the 
animal pole and larger and fewer at the vegetal pole The amphibian 
blastula differs from that in Amphio\us in two regards (i) the wall is 
more than one cell thick, (2) the blastoccele is relatively small and above 
center 

Birds • — The egg is large and contains a great amount of stored yolk 
It represents the highly telolecithal type of egg in which the active cyto- 
plasm localizes as a cap at the animal pole, w'here the nucleus also is located 
(Fig _i6 C) The huge yolk mass, far more evtensive than the vegetal 




Fic 30 — Clea\ age m the frog viewed from the side X rs Eight blastomeres with 
animal (oB ) and \ egetal (t g ) cells B about 128 blastomeres C earl> blastuh P hemisection 
of C showing blastoccele ib c) 

hemisphere of an amphibian egg, is a nonliving inclusion and does not 
partiapate in cleavage or the formation of the embr> 0 proper As a result, 
cleavage is partial and discoidal 

The first two planes of separation are vertical furrotis uhich cross at 
right angles through the animal pole of the egg but do not extend all the 
to the margin of the cytoplasmic cap (Fig 31 A) Succeeding furrotis 
pass first in radial (-S) and then in circumferential planes (C) , and the ong- 
inal disc of cytoplasm is transformed mto a mosaic of separate nucleated 
areas, all continuous for a time with the yolk beneath Following this 
stage, cleavage divisions also take place in a honzontal plane to produce a 
certain amount of layenng (Fig 32) The end result, after about one day, 
IS a discoidal plate of cells perched on the surface of the yolk and separated 
from It by a cleft At the periphery, the cellular disc progressively gams 
new cells from a proliferating, syncytial margin that blends into the yolk 
Qeavage thus produces a modified blastula (named a discoblasUila) in 
^mch the cellular cap is termed the gertmnal disc or blastoderm The space 
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between blastomeres and yolk mass is called a blaslocalc, but its stnet 
homology with that m Amphioxus and amphibians is doubtful The massive 
yolk, which serves as a floor to the bUstula cavity, is not contained within 
cells, hence this floor is fundamentally unlike the vegetal hemisphere of 
the blastula of those lower chordates (Fig 35 A-C) 

Mammals — The eggs of all marsupial and placental mammals arc 
isolecithal and practically microscopic m size (Fig 16 A) Cleavage is 
total and nearly equal, much as in Amphioxus, but the blastula is con- 



Tto 31 — CIea\'\ge of the pigeon s o\um, viewed from above {Patten after Blount) X 4 
The order of appearance of cleavage furrows on the blastoderm is mdiealod by Romm numerals 
A Second cleavage B third cleav age C fifth cleavage 


Blastoderm 



siderably different both in arrangement and subsequent developmental 
course Subdivision of the mammalian egg begins in the uterine tube, 
although the later stages of cleavage are completed in the uterus The 
process has been studied thoroughly m various common mammals, cleavage 
in the rabbit has also been earned out in culture and recorded by motipn 
pictures The extremes of time consumed in completing cleavage are 55 
hours for the, rabbit and 140 hours for the guinea pig 

As m Amphioxus and amphibians, the first two planes are vertical and 
the third honzontal The resultmg two-, four- and eight-celled stages are 
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attained approximately at 36, 4S and 72 hours after copulation Nexerthe- 
less, some cells tend to divnde faster than others so that the exact doubling 
sequence often fails (Fig 33 B) In some mammals this difference in the 
rate of mitosis is regional and is associated ^\lth t^o cell t>pes uhich ma\ 
be recognizable even at the first cleaxage Darker blastomeres, mth slower 
cleavage, are destined to become the embryo proper, vhereas the clear 
cells, vnth rapid cleavage, differentiate precociously into auxiliary tissue 
knoi\n as the trophohlast {cf Fig 33) It seems probable that a sorting out 
of cell substances wth different prospectue values, accompanies even the 
earliest step in blastomere formation At about the ib-cell (morula) stage 
the future trophohlast cells begin to flatten against the zona pellucida and 
produce a sort of cellular capsule At the same time pools of clear fluid 
accumulate between the more centrally located trophohlast cells (D), and 
these spaces soon coalesce into a common, central reservoir (D) The fluid 
IS secreted against pressure by the trophohlast cells By the time some 
thirty cells have formed the embry'O is a definite hollow sac known as the 



ABC D E 

Fig jj — CleaNage snRes, '^nd blastoc>st of the pig (Heoser and Streeter) X 240 The dark 
tells iiill gwe nse to the embr>o proper D £ m hemisectjons 

blastocyst or blastodermic icstcle {E) The cells destined to become the 
embryo proper constitute an tuner cell mass, presently this mass flattens 
and is then the equivalent of a blastoderm {cf Fig 34 F, G) In Figure, 
33 E trophohlast is lacking above the inner cell mass but this is merely 
because the larger cells of this region are laggard m separating off the 
trophohlast cells that belong there The completed trophoblastic sac is 
purely an embryonic adjunct, soon to become associated intimately with 
the uterus, it is concerned with protective and metabolic functions 

In certain other mammals, such as the rabbit and monkey, the blasto- 
meres are more nearly equal in size and the trophohlast is already a complete 
capsule by the time the inner cell mass is recognizable as such (Fig 34) 
The young blastocyst of all mammals is spheroidal in shape It grows 
rapidly and distends w ith accumulated fluid , early m this period of enlarge' 
ment the zona pellucida thins out and disappears 

It IS clear that the thm-walled bljstocyst is a specialized blastula, but its proper inter' 
pretation is not apparent at first glance Actuall> the mammalian blastocj'st ib comparable 
to the blastula of the reptile or bird at the completion of blastodermic overgrowth, but with 
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beb\een blastomeres and yolk mass is called a blasloccvk, but its stnet 
homology with that m Amphio\us and amphibians is doubtful The massive 
yolk, which serves as a floor to the blastula cavity, is not contained ivithin 
cells, hence this floor is fundamentally unlike the vegetal hemisphere of 
the blastula of those lower chordates (Fig 35 A-C) 

Mammals — The eggs of all marsupial and placental mammals are 
isolecithal and practically microscopic in size (Fig 16 A) Cleavage is 
total and nearly equal, much as in Amphioxus, but the blastula is con- 



A B C 

Flo 31 — Cleavage of the pigeon s ovum, viencd from above (Patten, after Blount) X 4 
The order of oppenrance of cleavage furrows on the blastoderm is indicated b> Roman numerals 
A Second cleavage B, third cleavage C fifth cleavage 


Blastoderm 





siderably different both in arrangement and subsequent developmental 
course Subdivision of the mammalian egg begins in the utenne tube, 
although the later stages of cleavage are completed in the uterus The 
process has been studied thoroughly in vanous common mammals, cleavage 
m the rabbit has also been earned out in culture and recorded by motiOn 
pictures The extremes of time consumed in completing cleavage are 55 
hours for the rabbit and 140 hours for the guinea pig 

As in Amphioxus and amphibians, the first two planes are vertical and 
the third honzontal The resulting two-, four- and eight celled stages are 



GASTRULA.TION ^3 ^ 

discoidal cleav age and a discoblastula m the highlj teblccithal eggs of present-day monotreme 
mammals 

Human Clcaiagc — Stages of oleavage are unknown e\cept for the 
division of the artificiallj fertilized and cultured human ovum which has 
been earned to the three-cell stage ‘ In the monkey and the low pnmate, 
Tarsius, cleavage groups, morula and blastocjst have all been studied in 
detail = = Compared with most mammals (t g , the rabbit, whose blasto- 
ejst is 4 5 mm long when attaching to the uterus) the human blastocyst 
enlarges sloiviy It comes to be wholly within the utenne wall and at the 
time of penetration is not much larger than the onginal egg 
GASTRULATION 

Gastrulation is the process by which the three germ layers come to 
occupy their characteristic positions in the embryo The relation of these 
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Fig 35— Blastuh t\p(s nmong chordaies shown as hcmisoctiona A, Amphioxus B 
amphibians C reptiles and birds D mammals 1 and B irt fundamentally comparable C is 
a discoblastula P is a modification of C*. withlo^sof >olk Bl Blastocccle Arrow s on C indicate 
the enpanding blastoderm 

layers, one to another, is indicated by their names ectoderm (outer skin) , 
mesodtrm (middle skin), and cniodenn (inner skin) 

The blastula possesses polanty and bilateral symmetry It contains 
cell areas which, in normal deaelopment, become the germ layers and give 
nse to different parts of the embryo Maps of these prospectne regions 
have been made by staining tnal areas on living blastulcc with nontOMc 
dyes and then discovenng what they become In this way the locations 
of the prospective ectoderm, mesoderm and entoderm have been mapped, 
as well as such prospective organs as the neural plate and notochord 

The events of gastrulation have been clarified by the simultaneous 
staining of these presumptive regions with dyes of different colors and then 
following their movements to their later positions These studies prove 
the essential similanty of gastrulation in the various chordate groups and 
have changed certain time-honored interpretations The chief difference 
encountered among -vertebrates is the way in which entoderm becomes 
segregated, these \ anations are related to the different physical forms that 
the blastula assumes 
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the yolk remo\ed (Fir 35 C, D) The cavity of the bhstocyst is not a simple bl^stocccIe, 
like lb'll o{ Amphioxus and amphibians (/I, B), but a blastoccclc combined uith a yolklcss 
yolk cavity The trophobl'ist represents a precocious development of external cells v.hicb, 
in the bird and reptile, gradually envelop the yolk The more rapid completion of a tro- 
phoblastic capsule m true mammals is a ncccssaty preparation for the early association of the 
embryo complex with the tissue of the maternal uterus having discarded yolk as a source 
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Fig 34 — Cleavage stages and bl3stoc>sls of mammals photographed from life (Lewis 
Hartman and Gregory) X 225 A-C Two four and eight celled stages m the monkey 30 to 
50 hours after ovulation D-G Morulx and bla tocysts in the rabbit 45 to 80 hours after 
ovulation 

of nutnment, the mammalian embryo must establish prompt relations (through its tropho- 
blast) with the mother In reptiler and birds the embryo formative region is a superficial 
blastoderm, while m true mammals its equivalent is the inner cell mass The higher mam- 
malian ovum, although almost devoid of yolk, thus develops into a ‘blartula’ fundamentally 
resembling the type attained by the yolk laden eggs of reptiles and birds That this sum 
Untv IS real and has an evolutionary significance is attested by the occurrence of typical 
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by entoderm The notochord soon cuts off as a solid, cellular rod The 
mesodermal stops likewise fold off and become a middle layer on each side 
of the notochord The entoderm then closes in the dorsal defect caused by 
the loss of the notochord and mesoderm and thus produces the definitive, 
tubular gut The cells left on the outside of the gastrula are ectoderm, 
dorsally they constitute the neural plate m contrast to the general covenng 
of the embryo which wall become epidermis 

The mechanics of invagination is not well understood Im olution and other shiftings of 
cell temtones in chordates result from actiie mass moiements of the cells themselies, 
although cell division continues during gastrulation, it is not the pnme factor responsible 
for these mass migrations 

An earlier concept of the germ laiers can be reused somenhat® Onginally it uas 
beheved that the blastula is wholly ectodermal, that part of it becomes the cntodcrmal lining 
of a then two-lajered embryo, and that one or the other of these layers next gi\es nsc to 
mesoderm and so produces a three-layered embryo As logical as this interpretation once 
seemed (and to this concept Amphioxus npparentU lent support, because for a time the 
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Fic 37 — Gastrulation in a tailed amphibian, \icwcd from the vegetal pole X 10 Success 
sue stages illustrate the early Iip of the blastopore (A), its completion (B, C) and its overgrowth 
of the yolk nch cells (B-U) 

mesoderm is a part of the pnmitiv e inner layer of the gastrula) it is no longer tenable There 
IS no one layered or two layered stage m the sense implied All three germ layer temtones 
exist potentially m the blastula before gastrulation begins These regions are then mov ed 
to their later positions and superposed as distinct layers through the devices of gastrulation 

Amphibians — Simple invagination of the vegetal hemisphere, as m 
Amphioxus, IS not mechanically possible and gastrulation is accomplished 
largely by involution The first indication of gastrulation is a local groove 
well below the equator of the blastula (Fig 37 A) This deepening groove 
IS covered by a lip-like fold of the blastula wall The pocket itself marks 
the beginnmg of an archenieron , the mouth of the pocket is the blastopore 
and the margin of the fold is the dorsal lip of the blastopore The early, 
short groove is extended progressively into a crescent, then a horseshoe 
(B), and finally a circle (C) At the sides are the so-called lateral lips of 
the blastopore and below is the ventral hp Involution takes place at all 
points along this circular blastoponc lip, but chiefly at its dorsal portion 
Cells of the blastula v. all move downv.ard along meridians, pass around the 
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Amphioxus — Since the animal pole of the blastula corresponds roughly 
to the front end of the future embryo, Figure 36 is drawn with the mam 
axis honzontal Stages A and B show a late blastula mapped with the 
cell-temtones whose normal fates can be foretold About the animal and 
vegetal poles are the future ectodcnn and cttiodcrm, respectively In between 
is a girdling zone which is subdivided into prospective mesoderm, notochord 
and neural plate Gastrulation begins about five and one-half hours after 
fertilization when the blastula contains some 500 cells An inbuckhng 
(1 c , tnvagtnaiton) of the vegetal cells is followed by an inrollmg (te, 
iUi,olution) of cells around the margin of the double-walled cup thus being 





Fig 36 — Stereograms of gastrulation m Amphioxus X 350 A Bhstula ^nth areas indi 
cated whose normal fates are known B, Henusection of /I CD Earl> and liter gastruli: 
hemisected dunng invagination and involution 


formed (C) The continuation of these movements carries entoderm, 
mesoderm and notochord to the interior and obliterates the onginal blastula 
cavity (D) The new, central cavity is the pro\isional gut or archentcron, 
and its mouth is the blastopore At this period the young embryo is termed 
a gastrula (t e , little stomach) 

Involution took place around the circular margin, or lip, of the blasto- 
pore Backward growth of this lip-region next elongates the cup and un- 
equal growth elevates the blastopore (Pig 36 D) The roof of the archen- 
teron consists of a median strip of notochordal cells, flanked on each side 
by a strip of mesodermal cells The sides and floor of the cavity are boimded 
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notochordal area) more toward more median positions in the intenor 
This mesial convergence of more lateral areas, including parts like the neural 
area that remain on the outside, toward more median locations is the third 
basic movement of gastrulation These three types of movement character- 
ize gastnilation in all chordates 

The internal changes and relations during gastrulation can be followed 
in Figure 39 Stages A-C show the progressive enlargement of the archen- 
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Fig 39 — Stereograms of gastrulation jn tailed amphibians (after Hamburger ‘Manual of 
Experimental Embr>ology,' University of Chicago Press) A-C Early to late stages showing 
the movements of areas differentially marked on the cut surfaces of longitudinal hemisections 
D Caudal half of stage C shown by a transverse hemisection 

teron and the corresponding obliteration of the blastocoele, the withdraw al 
of the yolk to the intenor and its changing position, and the internal spread 
of the chorda-mesoderm Stage D is a model, in transverse section, of the 
caudal half of stage C t , a, direction toward the blastopore is caudad) 
Gastrulation ends with the general ectoderm (future cptdcnms) and neural 
plate left on the outside , the notochord, in a median dorsal location, is flanked 
by wing-like plates of mesoderm, lining the archenteron m front and on the 
sides IS involuted entoderm, the floor of the archenteron is the mam mass of 
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lip of the fold in an undertuckmg manner, and continue to migrate as an 
internal layer In the end a broad, girdling zone of the vegetal hemisphere 
involutes around the margin of the blastopore and into the intonor To 
compensate for this loss, the cells of the animal hemisphere spread and 
overgrow the vegetal hemisphere (C, D) In this way the entire surface 
becomes clothed with ectoderm This process of expansion is often called 
cpiboly 

The amphibian blastula has been well mapped for prospective organ- 
forming regions, some of which arc shown in Figure 38 ® An important 
landmark is the sinuous line that demarcates the involuting matenal 
(prospective ciitodcnu and vicsodcnn) from the prospective eclodenn which 
does not involute (A) The chorda mesoderm matenal forms a girdling 
band that encircles the yolk field (B) It should be noted that the areas 
that will become axial organs (like the neural plate, notochord and somites) 


Head mesoderm 



Fio 38 — Maps of prospective parts of embryos of tailed amphibians at the beginning of gastrula 
tion (after Vogt) A Side view, B \neiv from \egetal pole 

have their greatest extent at this penod in a direction opposite to their 
ultimate cranio-caudal (roughly, pole to pole) onentation 

When tnvohiUon begins at the dorsal lip of the blastopore, the first 
cells turned in are those of the future entoderm that he just above the lip 
(Fig 38 5) Next to follow is head mesoderm and then notochordal ma- 
terial near the midplane As the blastopore extends and assumes the shape 
of a crescent, horseshoe and circle, the more lateral notochordal matenal 
and that of the somites and unsegmented mesoderm will be tucked in 
progressively Dunng these movements toward the intenor, a dye-marked 
circular area becomes elongate, and this expansion (in a longitudinal di- 
rection) continues after involution takes place Hence elongation, wluch 
affects practically all parts of the gastrula dunng gastrulation, is a second 
basic movement of gastrulation As the vanous areas pass around the 
blastoponc lips, their more lateral parts (eg, the lateral wings of the 
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notocKordal area) move toward more median positions m the interior 
This mesial convergence of more lateral areas, including parts like the neural 
area that remain on the outside, toward more median locations is the third 
basic mo\ement of gastrulation These three types of movement character- 
ize gastrulation in all chordates 

The internal changes and relations during gastrulation can be followed 
in Figure 30 Stages A-C show the progressive enlargement of the archen- 
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Fig 39 —-Stereograms of gastrulation m tailed amphibians (after Hamburger 'Manual of 
Experimental Embr},olog>,' Umversitv of ChK-ngo Press.) A-C, Early to late stages shov.ing 
the movements of areas differentiallj imrl-ed on the cut surfaces of longitudinal hemisections 
D Caudal half of stage C, shown bj i trins\erse hemisection 

teron and the corresponding obliteration of the blastocoele, the withdrawal 
of the yolk to the intenor and its changing position, and the internal spread 
of the chorda-mesoderm Stage D is a model, in transverse section, of the 
caudal halt of stage C (t c , a direction toward the blastopore is caudad) 
Gastrulation ends with the general ectoderm (future epidermis) and neural 
plate left on the outside, the notochord, in a median dorsal location, is flanked 
by wing-like plates of mesoderm, lining the archenteron m front and on the 
sides IS involuted entoderm, the floor of the archenteron is the mam mass of 
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large-celled entoderm which does not involute but merely elevates into the 
intenor, the roof of the archenteron is still incomplete at this penod, but 
growth and fusion of the dorsolateral walls will soon cover in this gap 
Gastrulation in amphibians differs from that in Amphioxus in two important 
respects (i) invagination plays no significant role, (2) the notochord and 
mesoderm are not continuous with the entoderm to produce a temporary, 
composite internal layer 

Birds — The inert yolk mass is proportionately so enormous that it 
cannot participate, even passively, in gastrulation For this reason the 
events of gastrulation are confined to the gcrmin'il disc which contains the 
cells of all three future germ layers The process, as a whole, takes place 
in two stages (i) first the entoderm separates from the rest of the disc (2) 
then the cells of the chorda-mesoderm move into position between the en- 
toderm and the residual outer layer which henceforth is ccioderm 

It IS now generally agreed that cells located at the lower surface of 
the germinal disc of the blastula split away to produce the cntodermal 




Inner 

cells 


Pic 40 —Entoderm formation m the chick, shoivn b> vertical sections through the germinal 
disc (after Peter) X 340 A Early segregation of the future entoderm B, C, Later stages 
of actual separation into tno la>ers 


layer (Fig 40) ’ A forward movement of the entoderm helps to complete a 
central, deficient area Later contnbutions to the entoderm from cells 
migrating from the outer layer directly* and by way of the pnmiti\ e streak* 
(see beyond) have also been desenbed A full understanding of these 
matters awaits further studies 

The separation of the entoderm from the rest of the germinal disc makes it possible to 
mterpret the resulting stage as a tardy blastula which, though fiat, is comparable to those 
of loner forms The upper cellular plate would then correspond to the animal hemisphere 
of a typical blastula, the entoderm to the ■vegetal hemisphere, while the newly created cleft 
between these layers would be the blastoccele Under this interpretation the noncellular 
mass of yolk has no counterpart m Amphioxus or amphibians and is a new auxiliary feature 
Moreover, the onginal cleft produced dunng cka^age now located between the entoderm 
and the yolk, would not be a true blastoccele, neither is it an archenteron in the ordinary 
sense, since it is not an invagination cavity 

A surface map of the blastoderm, after entodermal delammation has 
occurred, is shown as Figure 41 A The relative positions and shapes of 
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Entodfrm 
Head mesoilerm 
Notothord 
Head meso<lerm 
I^ofochcrd 
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Primiti e iroo^e 


General ectoderm - 




- Somne mesoderm 


Yolk Lateral mesoderm Entoderm 
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plate), notoclior^and eetwl^ (future epidermis and neuial 
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of the areas containing lateral mesoderm, and this difference naturally 
results from the absence of a surface entodermal field m the bird The 
mass movements which take place during gastrulation arc also of the same 
nature as those described for the amphibian convergence, involution, and 
elongation “ All of the areas swing, or converge, toward the midline (Fig 




Fio 42 — Blastoderms of the chick in surface view X 16 A, Stage of the primitive streak 
B, stage of the head process 


Prtmtltve slreak Outer layer 



Mesoderm A Entoderm 


Feioderm PumUive rrone 



\lesoderm B Entoderm 


Fig 43 — Involution and spread of mesoderm in the chick shovm in transverse sections through 
the primitive streak X 165 4 , Early slreak, S, later streak 



Fig 44 — Head process and primitive streak of the chick embr> o shown m longitudinal section 
X 100 


41 B) , the chorda-mesoderm involutes at the midline and then spreads as 
a middle layer {C-E ) , after these shifts are completed there is considerable 
elongation of all areas 

Involution of the chorda-mesoderm takes place through a thickened 
axial band in the upper layer known as the primitive streak This linear 
massing of cells is a result of the convergence of mesoderm from each side 
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to\\ard the midline (Fig 41 B) Another result of this convergence is a 
change of shape of the several surface areas, their lateral halves suing 
toward the midhnc and thus become roughly parallel The future lateral 
mesoderm hes nearest the primitive streak and is the tissue that gave it 
ongin It continues to migrate and approach the primitive streak from 
each side, as it amves at the midhne its cells turn downward through the 
streak and then diverge, nght and left, as they spread laterad between the 
surface layer and the entoderm (C, E) A small area of prospective head 
mesoderm next turns in but, on account of its previous position ahead of 
the pnmitive streak, it advances in a forward (antenor) direction {B~D) 
The prospective notochord and the paired areas of somtte-mesoderm follow 
(C, D) At the completion of gas- 
trulation, the residual outer layer is 
definitive ectoderm The ongmally 
crescentic area representing the neural 
plate converges to become a tear- 
shaped field within the general ecto- 
derm (A-D) 

The primitive streak is a stretched 
and seam-like blastopore through 
which the involution of chorda-meso- 
derm occurs The fact that it has no 
open mouth and may not be related 
to the segregation of entoderm docs 
not alter the homology The pnmitive 
streak acquires a knob at its forward 
end (Fig 42 A), this is the pnmttive 
knot (of Hensen) which is said to be 
ongmally a separate mass “ A shal- 
low primitive grooic presently courses 
lengthwise along the middle of the streak and ends close to the knot in the 
primitive pit {B) This groove results from the active involution of cells 
Transverse sections through the streak show the involuting and spreading 
mesoderm (Fig 43) A longitudinal section demonstrates the relation of 
the notochord (also at this penod called the head process) to the primitive 
knot and the latter to the primitive streak (Fig 44) 'TOile gastrulation 
IS going on, the ongmally circular blastoderm elongates and acquires a 
pear-shaped outline (Fig 42 B) 

Mammals — As m birds, gastrulation occurs m two stages The first 
phase takes place when certain cells appear on the under surface of the 
inner cell mass and arrange themselves into a definite sheet, the entoderm 
(Figs 45 and 46 A) In monotremes“ and marsupials*^ these cells are 



Fig 45 — Blastocjst of the monkey at 
nine <hjs hemisected (Streeter) X 200 
Entodermal cells ha\e appeared at the 
under surface of its inner cell mass and 
similnr cells occur (by spreading?) on the 
nearby \%aU of the blastocyst 
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smaller and darker ameboid elements which move out of a common la> er 
to a deeper position In placental mammals the cntodermal cells detach 
from the inner cell mass This has been called dclammation, but the 
process may involve a stnet segregation in which cells specializing toward 
entodcrmal fates are sorted out from others that arc prospective ectodermal, 
mesodermal and trophoblastic elements “ In most mammals the entoderm 

Trophohlail (ell 


B entoderm C 

Fig 46 — Entoderm {ormntion in the monkey ('iftcr Slrwtw ond Heuser) A, At eight dijs 
(X 350) B at eleven diys (X 250) C it twelve dn>s (X 200) 

spreads rapidly and lines the blastocyst as a relatively large sac (Fig 53 A) 
In pnmates there is a temporary structure which might be interpreted as 
a similar, large yolk sac (Fig 61), yet this homology is both affirmed and 
denied by those who have studied it most In any event, only the ento- 
dermal cells under the inner cell mass 
persist, and these apparently fashion them- 
selves into a smaller, definitive yolk sac 
(Figs 46 B, C and 47) 

The remaining cells of the inner cell 
mass become a phte containing the pro- 
genitors of future ectodermal and mesoder- 
mal cells (Fig 46 B, C) Directly beneath 
is the layer of entoderm that serves as a 
roof to the yolk sac These two layers 
make up the earliest cmbQomc dtsc, or 
blastoderm (Fig 47) The second phase 
of gastrulation is concerned with the segre- 
gation of the mesoderm and notochord as 
definite parts, located at a middle level 
Technical difficulties have not permitted 
the mammalian blastoderm to be marked with dyes and mapped Yet there 
IS reason to suspect that the areas of presumptive epidermis, neural plate, 
mesoderm and notochord and the movements and involution of mesoderm, 
are similar to those which have been determined for the chick {cf Fig 41) 
A typical pnmitive streak appears caudally on the upper surface of the 
embryonic disc (Fig 48 A) The spread of mesoderm through the pnmitive 
streak is illustrated in section Fig 48 B and in surface view by Fig 
49 A-D The appearance of the prtmtUve knot and the growth of the 



Fio 47 — Reconstruction of the light 
half of a human embryo of fourteen 
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notochord (or head process) from it are indicated m Fig 49 ^ At the 

conclusion of these movements to a middle level, the residual upper laj er 



Pig 48^ Human embrjo of sixteen d^>s (nfter Streeter) ^,Dorsal\ie« of the embrjonic disc 

(X 25) S, Trans\erse section through the pnmitue streak. (X 185) 



Fig 49 — Embnonic discs of the pic mapped to show the spread of mesoderm (cross hatched) 
and the gro^\th of the primitive streak and head process (Streeter) X 25 


Prttntitie streak 



Mesodermal sesmenl 
ectoderm 



Fig 50 — Spread and differentiation of the mesodCrm shown in diagrammatic transverse sections 
of a mammalian embryo at different periods (after Prentiss) 


of the embryonic disc is general ectoderm (prospective epidermis) and the 
matenal of the future neural plate 

In most mammals the mesoderm grows rapidly and extends beyond the 
region of the embr> onic disc Continuing to e\pand around the v all of the 
blastoc>st, It fills in the space between the trophoblast (usuall> rated as 
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ectoderm) and the temporanly large sac of entoderm until its penpheral 
margins meet and fuse (Fig 50 /I) This penpheral tissue is evtra-embryome 
mesodervt, which will clothe such auxiliary stnictures as chonon, amnion, 
body stalk and yolk sac, it takes no part in forming the embiyo proper 
In pnmates, extra-embryonic mesoderm appears before the mesoderm of 
the embryo becomes recognizable as such It anscs as cells that separate 
away from the trophoblast of the onginal blastocyst wall (Fig 61), and 
thus has a separate ongin from the mesoderm of the embryo itself 

Human Gasirulation — The youngest human embryo known is a blasto- 
cyst in which a layer of entodermal cells has just become segregated from 
the inner cell mass (Fig 60) At this stage a cleft is separating a la> er of 
cells, which make up the auxiliary membrane known as the amnion, from 
the rest of the inner cell mass This leaves a cellular plate, beneath the 
cleft, which contains the formative cells that will give nse to the definitive 
ectoderm and mesoderm of the embryo (Fig 47) The stages that follow 
(pnmitive streak head process) arc well known (Fig 48) During this 
penod the cells of the mesoderm and notochord mov c to their characteristic 
positions and the three pnmary germ Ia>ers are thereby established 


EARLY DEVELOPMENT COMPARED IN DIPPERENT VERTEBRATE T^PES 


Animal 

Type 

Tvpr 

OF Egg 

Clcwaci 

Blastula 

Blastula 

Cavity 

MmioD OF 
Gastrlla 
TIOV 

COMMFNT OS 

Gastrulv 

TIOV 

Amphoxtis 

Isolecithal 

(little 

lolk) 

Total 

nearly 

equal 

Sphere wall 
a single 
laytr 

Spherical 
and large. 

Inwgma 
tion invo 
lution \Ta 
blastopore 

Early inner 
lajer a 
composite 

Amphibians 

Teloiecithal 
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yolk) 

Total 

unequal 

^Iiere, wall 
layered 
and un 
equal 

Spherical 
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eccentnc 

Involution 
via blasto 
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Germ layers 
separate 
from start 

Birds 

Telolecithal 

(massive 

yolk) 
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discoidal 

CeU disc on 
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yolk. 

Shallow 

overlies 

yolk? 
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lution \ la 
primitive 
streak 

1 Occurs in 
two stages 

Mammals 

{except 

lowest) 

Isoleathal 

(little 

yolk) 
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equal 

Blastocyst 
with inner 
cell mass 

Merged with 
blastoc> st 
cavity 

Delamina 
tion mvo 
lution via 
primitive 
streak 

Occurs in 
two stages 






REFERENCES CITED 


75 


DERIVATIVES OF THE GERM LAYERS 

Since the ectoderm covers the body it is pnmanly protectu e, but it 
also gives ongin to the nervous s>stem and sense organs The entoderm, 
on the other hand, lines the pnnutive digestive canal and has nutritive 
relations, later it also becomes respiratory The mesoderm, occupjing an 
intermediate position, naturally is related to skeletal support, muscular 
movement, circulation, excretion and reproduction 

It was formerly believed that the germ layers are ngidl> specific in 
their formative potentialities, but this concept has undergone some re- 
vision in so far as vertebrates are concerned Experiments prove that when 
a portion of one germ layer is transplanted, at an early stage, into another 
layer it takes part m the specific organ development that is charactenstic 
of its new site Hence the germ layers possess a greater versatility than 
they ordmanly show In normal development however, these layers serve 
as assembly grounds out of which the constituent parts of the embryo 
emerge in a definite and ngid program of ongins 

The subjoined table lists the denvatives of the three germ layers as 
they anse in normal dev elopment 


THE GERM LA'iER ORIGIN OF HUMAN TISSUES 


Ectoderm 

Mesoderm 

Entoderm 

I Epidermis including 

1 I Muscle (all types) 

Epithelium of 

Cutaneous glands 

2 Connective tissue carti 

I Phary nx, including 

Hair navis lens 

lage bone notochord 

Auditory tube etc 

2 Epithelium of 

3 Blood bone marrow 

Tonsils thyroid 

Sense organs 

4 Lymphoid tissue 

Parathyroids thymus 

Nasal cavit> sinuses 

Epithelium of 

2 Larynx trachea lungs 

Mouth including 

5 Blood vessels lymphatics* ^ 

3 Digestive tube including 

Oral glands enamel | 

6 Body cavities 

Associated glands 

Anal canal 

7 Kidney ureter 

4 Bladder (tngone?) 

3 Nervous tissue mcluding 

8 Gonads genital ducts i 

5 Vagina (all?) vestibule 

Hypophj SIS 

9 Suprarenal cortex 1 

6 Urethra including 

Chromaffin tissue 

10 Joint cav ities etc 

i 

Associated glands 
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CHAPTER V 


THE FETAL MEMBRANES OF VERTEBRATES 

Before continuing v.ith the descnption of the embrjo proper it is 
desirable to examine the conditions under u hich v ertebrate embr> os de\ elop 
and the -^ays in ^^hlch the> copt with the problems of protection, food and 
oxjgen supply, and the elimination of wastes 

The eggs of fishes amphibians, reptiles, birds and monotreme mammals 
are laid, whereupon the> undergo development at a suitable temperature 
m water, earth or air It is quite different with marsupial and placental 
mammals, since the embryos of these animals develop within the uterus of 
the mother Such wide environmental differences, faced by vertebrate 
embryos are correlated with considerable diversity in both the number 
and nature of their so called fetal membranes These are au\ilmr> organs 
which have ansen for the protection of the embr>o and especially to provide 
for Its nutrition, respiration and excretion until the time arrives when inde- 
pendent existence can be safely attempted 

The embryos of fishes and amphibians develop rapidly to free-swim- 
ming larval stages Because of this precocity they need no auxiliary organs 
other than a supply of yolk sufficient to hast until independent foraging 
can be earned on In amphibians and some fishes the yolk is contained in 
large cells which make up the thick floor of the gut In sharks and bony 
fishes the gut- and body wall come to enclose a bulging yolk mass The 
lack of protection to the individual embryo is offset by the production of 
great numbers of embryos, so that survival over accidents and enemies 
IS adequate 

Reptiles, birds and mammals are in a relatively advanced state of 
development at hatching or birth Several auxiliary organs are produced 
which are of use dunng the prenatal penod alone Especially in higher 
mammals has the abandonment of yolk for a physiological dependence on 
the mother led to the greatest elaboration of these structures The full 
set of fetal membranes includes the -yolk sac, avimon, clwrton, allantois, 
umbilical cord and placenta Yet the function of no one of these organs is 
fixed unalterably , only the amnion is relatively stable The embry os of 
this group arc produced in small numbem and gain protection by such 
means as a heavy shell, parental incubation and development within the 
body of the mother 
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REPTILES AND BIRDS 

The history of the fetal membranes is correlated with the presence of 
an enormous mass of yolk and an embryonic life spent within a shell Al- 
though the onginal blastoderm is a small disc, it spreads by penpheral 
growth (Fig 52 B) and eventually covers the entire surface of the egg 
But only the most central region is directly concerned with embryo for- 
mation All the remainder of the blastoderm is extra-emhryome, and it 
IS this portion that furnishes most of the fetal membranes Ihc extra- 
embryonic blastoderm consists of somatoplcurc (ectoderm and somatic 
mesoderm) and splauchnoplcurc (entoderm and splanchnic mesoderm), 
separated by a space which is extra-anbryome caJom {cj Fig 50 B) 

The Yolk Sac — As the embryo enlarges, its circular connection with 
the extra-embryonic blastoderm grows at a slower rate ThiS produces a 
‘constriction’ of the splanchnoplcure where it pins the r'ipidl> elongating 
gut The region of constnction soon lengthens into a tubular yolk stalk, 
whereas the remainder of the cxtra-cmbrjonic splanchnoplcure encloses the 
massive yolk as the yolk sac (Fig 51) Vitelline blood vessels, arising in 
the splanchnic mesoderm, ramify on the surface of the >olk stc, and through 
them absorbed yolk substance is convc> cd to the chick dunng the incubation 
penod (Fig 52 B) Shortly before hatching, the shnveled yolk sac slips 
through the navel into the belly cavity 

The Ammon and Chorion— These membranes are concentnc sacs 
which anse by folding of the extra embryonic somatoplcurc The double- 
layered somatopleure is first thrown up into two crescentic folds The 
earliest fold to appear is located just in front of the embryo , later, a second 
fold arises just behind the embryo (Fig 51 A) These two folds advance 
like two hoods drawn over the head and the caudal region, respectively 
(B) When they meet, the completed circular fold closes m from all sides 
over the embryo, as would a bag pursed by draw-stnngs The concluding 
step is the fusion of the several layers located at the margin of the fold (O 
1 he result is the production of two separate, compound membranes (B) 

The inner membrane is the amnioji It is Imed with ectoderm and 
covered externally with somatic mesoderm As the body of the embryo 
takes form, the amnion is continuous with the belly wall at the umbihcus 
The amnion is a thin, transparent sac which soon fills with a fluid transudate 
Within this amniotic fluid the embryo is suspended, and thus immersed 
and buoyed up it avoids drying, mechanical injuries and deforming ad- 
hesions At the same time the early, soft embryo is able to maintain its 
shape free from distortion to develop and grow unimpeded, and to change 
its position The amnion lacks blood \ essels, but muscle fibers differentiate 
in its mesodermal layer and produ<» rhythmic contractions which agitate 
the embryo gently and perhaps help prevent adhesions 
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The outer sac of somatopleure is the chorton (sometimes called the 
serosa), whose component layers are in reverse order to those of the amnion 
That IS, ectoderm is the covenng and mesoderm the lining layer The 
chonon lies ne\t the shell, encloses both the embryo and all its other fetal 
membranes, and is separated from them by the e\tra embrj onic ccelom 
The functions of the chonon can best be explained in connection with the 
allantois with whose later history it is so closely associated 



Unton of amnion folds 



Fig 51 — Stages m the de\elopment of the fetal membranes of the chick The stereograms are 
sagittal hemiscctions Ectodenn black, mesoderm, red entoderm white 


The Allantois — 1 his accessorv organ was pnmanij e\ olved b> reptiles 
and birds as a temporary sac for unnar> storage It arises as an outpouch- 
ing of the ventral floor of the gut, near its hind end (Fig 52) Since the gut 
wall IS splanchnopleure, this diverticulum necessanly consists of the same 
layers (entoderm and splanchnic mesoderm) as it pushes outward into the 
extra embrj onic coelom There it forms a dilatation which develops 
rapidly into a large qllaniotc sac, connected to the hind-gut by the narrower 
allantoic stall (Fig 51 A-C) The expanding sac flattens and spreads 
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throughout the extra embryonic calotn (D) until, like the chonon, it finally 
lines the entire shell Fusion of the outer wall of the allantoic sac with the 
overlying chonon produces a functionally common membrane m contact 
with the porous shell The blood vcs‘?els ramifying in the combined meso- 
dermal layer of these two membranes are situated fa\orabl> to sciw'e as 
intermediaries in gaseous interchanges, accordingly, the allantois becomes 
the functional ‘lung* of the embryo through which oxygen is delivered to 
the blood and carbon dioxide is extracted from it The allantoic cavnty 
not only continues to act in its primitive capacity as a reservoir for the 
C'^creta of the kidneys, but part of its wall assists also in the absorption of 
albumen Shortly before hatching, the allantois dnes up, detaches and 
follows the yolk sac into the belly cavity 
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Fig S3 — Fetal membr mo ol the chick /I Oncm of the ntlnritois 'ihown in a saciUal sef 
tion atthrec<U\a through the caudal end of the Ikk 1> (X 30) B Rchtions of the embrjoand 
Its membrmes, it live d lys (after Marsh ill X I) 


MAMMALS 

Since the mammalian embryo depends on the mother for food and 
oxygen and must provide for the elimination of its wastes the fetal mem- 
branes begin to dc\ elop even while the utenne relation is being established 
There is considerable variety in the size, relations and functional r61t of 
each of these membranes * ’ Some even show differences in the manner 
of ongin Only the monotremes whose conditions of development are 
similar, follow the exact pattern established bv reptiles and birds 

The Yolk Sac — Marsupial and placental mammals lack an actual 
yolk mass, yet a typical, stalked yolk sac appears and produces a complete 
vitelhne circulation in quite young embryos The early history and re- 
lations of this organ vary In the majority of mammals the entoderm 
spreads just beneath the trophoblastic capsule and for a time lines it as a 
relatively large sac (Fig 50 A), when the extra-embryonic mesoderm and 
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ccelom appear between the t^\o, the entoderm becomes clothed ^ith the 
splanchnic mesodermal la>er {B) After a time the growth of the >olk 
sac slo^vs, and it then reduces in relative size as the allantois comes into 
prominence In sharp contrast, the definitive yolk sac of pnmatcs is small 
from the first and remains a comparatively diminutive \esiclc within the 
large chononic sac (Figs 47 and 79) 

The splanchnic mesoderm, surfacing the yolk sac, is the layer that 
bears the vitelline blood vessels Many embryos v^th a highly developed 
yolk sac establish an intimate association with the uterus by means of a 
continuous nutntive path which is brought into existence through the 
union of the yolk sac and chonon In this way there is formed a yolk-sac 
placenta, which, however, is usually transitory 

The Ammon and Chorion — Many mammals produce an amnion by 
folding, but the details of the process \ary In some (rabbit, carnivores) 
the early trophoblast overlying the embryonic disc disappears The ex- 


Embryontc disc 



Fig 53 — Fetil membranes of pts embryos shown in sagittal section A, Blastocyst at 
eight da>s (X 80) B Dngram at eighteen somite stage (Patten X 8) most of the long cho- 
nonic (or serosal) sac lus been omitted 


posed disc is then a plaque of special formative cells inset into a spheroidal 
sac of trophoblast (Fig 53 A) Soon the mesoderm appears and its somatic 
layer combines with the ectodermal trophoblast to produce the extra- 
embryonic somatopleure The amnion presently anses by the simple 
folding of this somatopleure, as in reptiles and birds (B) Also as m these 
animals, the amnion is important chiefly as a container of the buoyant 
ammotic fluid The chorion is merely the rest of the onginal trophoblastic 
capsule, now underlaid with extra-embryonic somatic mesoderm, the 
region above the embryo (A) is closed m by the outer layer of the amnion 
fold (B) The chonon often enlarges rapidly , in the pig it reaches the aston- 
ishing length of one meter by the tune the embryo is at the stage of the 
pnmitive streak The chonon has a diverse history, but in all mammals 
above marsupials it becomes functionally important by differentiating 
choriomc alh and entenng into the composition of a placenta (Fig 55) 
Certain other mammals (guinea pig, hedgehog, anthropoids) acquire 
an amnion quite simply and at a very early stage The pnmitive amnion 
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cavity anses as a cleft that separates the inner cell mass into tuo parts 
one IS the prospective embryo, the other is noncmbryonic, auxiliary tissue 
(Fig 54) Thus the floor of the enclosed space is the main plate of the 
embryonic disc, the sides and roof compnsc the thinner ‘ectoderm’ of the 
membranous amnion When soon a layer of somatic mesoderm covers this 
ectodermal dome of the early amnion (Fig 64 A, B) the structural outcome 
is identical with the type of amnion denved by folding The thorton of 
this group of animals is merely a later stage of the original trophoblastic 
capsule (subsidiary ‘ectoderm’) to which a lining of somatic mesoderm 
has been added (^ 4 ) 

Still other mammals (pig, deer, rat) combine the tivo methods of 
amnion formation already desenbed The inner cell mass first hollows 
and then its roof ruptures, after this the definitive amnion develops by 
folding 

The Allantois — Many mammals, like reptiles and birds, produce a 
prominent allantois by the sacculation of gut-splanchnoplcure into the 




Entoderm 


Entoderm 


"Inner cell mass 

B 

Fig 54 — Amnion fomation in the monkc> , shown in sections (after Heuser and Streeter) X 330 
A At ten dnys B, at el€\ en da> s 


extra-embryonic ccelom (Figs 53 B and 55 A) For example, in carnivores 
and ungulates it becomes very large, lines the chononic sac and fuses with 
it (Figs 55 B and 57 A) , a goat embryo of two inches has an allantois two 
feet long The further history of such conspicuous bladders is a part of 
the story of the placenta, and will be discussed under that heading Here 
it need only be mentioned that the urinary wastes actually collect m the 
allantoic sac and are not excreted through the placenta 

By contrast, edentates, rodents and pnmates tend to have a vestigial 
allantois In anthropoids it is a tiny, entodermal tube which pushes into 
the body stalk even before the hind-gut develops The body stalk is a bndge 
of mesoderm which from a very early period connects embryo to chonon 
in seeming anticipation of the arrival of the tubular component (Fig 
64 B-D) Blood vessels accompany the allantois and extend to the chonon 
which becomes vasculanzed through their branches The entodermal 
diverticulum itself is functionless and soon regresses, but the blood vessels 
persist They become the important umbilical artenes and veins which 
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connect the fetus with a more efficient tjpe of placenta than those that 
combine a typical allantois mth the chonon 

The Placenta — The marsupials, after an ettremely bnef gestation 
period, give birth to immature young It rs easy to understand, therefore, 
11 hy their chonon as a whole never advances beyond a smooth membrane 
in close apposition with the vascular utenne lining The yolk sac of mar- 
supials IS large and in some forms it unites with the chonon, apparently to 
serve as a transitory yolK-sac placenta Nevertheless, marsupials are 
classed as aplacental mammals 

In all higher mammals (placentalia) the chonon bears vascular villi 
(Fig 55 B), and these engage the utenne mucosa in a more or less intimate 
relation which persists throughout pregnancy Such a functional association 


Allantoic sac 



Fig 55— Diagrams of the fetal memb-anes of most mammals in sagittal section (Heialer, 
alter Route) A E irly stage tvith relations much as m the chick B L iter stage, «Uh the fetal 
basis of an allintoic placenta Ectotlcrm black me oderm, red. entoderm grten 


of the fetal chonon (including usually the allantois iihich fuses ^\ith it) 
and the maternal uterus results m the production of an organ, the placenta, 
specialized to take care of the nutrition, respiration and some or all of the 
excretion of the embr>o 

The shape of the placenta and its size relative to the nhole chononic 
sac depend upon the final distnbution of villi upon the surface of the sac 
On this basis four mam types have been recognized (i) Dtjfitsc — Lemurs 
(among pnmates) and some ungulates (pig, horse and others) have villi 
scattered diffusely over the entire chonon, and their placentas are corre- 
spondingly expansue (Fig 56 A) In the pig the Villi’ pro\e on closer 
inspection to be irregular, folded elevations, located on larger folds several 
millimeters -wide {B} In the lemur and horse there are short, branched 
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vilh, separated by smooth interspaces (2) Colylcdoitar) — True vilh occur 
also m the ruminant (cud chewing) group of ungulates, such as cattle, sheep 
and deer These vilh arc grouped in well-scattered, prominent rosettes 
known as cotyledons, which are separated by stretches of smooth chonon 
(C) (3) Zonary — The vilh of carnivores occupy a girdle like band about 

the middle of the chononic sac (D) (4) Discoid — In general, the vilh of 

insectivores, bats, rodents and pnmates are limited to one or two disc- 
shaped areas Ihe human chonon is onginallj diffuse, but its vilh soon 
become reduced to a single circular patch (Fig 100) 

Placentas can also be arranged in a structural senes, based both on 
the degree of physical intimacy existing between chonon and uterus, and 




Fic 56 — Types of chorionic sacs JO mammnls A Diffuse distribution of ‘vilh* in the pig 
(Patten) B, Detail of the rectangular area on 4 C Villous rosettes (cotyledons) in the Iamb 
(Schultze) D Zonary girdle of valh in the puppi (Coming) 


particularly upon the histological relations at the zone of junction of these 
two components 

I The simplest placental condition is illustrated by ungulates, such 
as the pig or horse and by lemurs The allantois, dev eloping as in the bird, 
expands and comes everywhere m contact with the chonon (Fig 57 >1) 
Fusion of these two membranes then follows {B ) , this combines their re- 
spective mesodermal layers, and allantoic blood vessels soon spread through 
the new, common stratum Meanwhile, the external ectoderm of the 
chonon has applied itself against the utenne epithelium and the simple 
chononic vilU fit into corresponding pits in the mucosa of the uterus (B) 
A relationship of this type is called an eptUielto-chonal placenta 

At the two surfaces of epithelial contact is found nutntive ‘utenne 
milk ’ composed of secretions and transudates, it is absorbed by the cho- 
nom'c villi Nutntive substances and oxygen from the maternal blood 
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must pass out of the utenne vessels and through both layers of epithelium 
before entenng the allantoic vessels Over the same path gaseous wastes 



Fig 57 — Structure of some mimmalnn plicentas shown by sections A Diagram of un 
guhte (pig) placentation B, Detail of the pigs pUcenta (Patten X 35) C Detail of 1 rumi 
nant s (cow) placenta (after Comini, X 10) D Detail of a carnivore s (cat) placenta (after 
Coming X 75) 

from the embryo travel in the reverse direction The allantois has, there- 
fore, become important not only as an organ of respiration and excretion 
(including the storage of unnary wastes), as in reptiles and birds but also 
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as a participant in nutntion Since the placenta has taken over the function 
belonging to the yolk sac of lower vertebrates, the omission of yolk matenal 
from the eggs of higher mammals is understandable 

2 The general type of ungulate placenta, just described, is modified 
slightly by an advance in the subgroup of ruminants (Fig 57 C) In these 
mammals the prominent villi of the rosettes occupy deeper pits in the 
utenne lining More important still, in the elevated portions of the utenne 
mucosa, between the villi, there is a local destruction of the utenne epi- 
thelium which allows the chononic ectoderm to come into direct contact 
wnth the vascular maternal connective tissue (sj udesmo clwnal placenta) 
At the end of gestation, however, the chononic villi of both t>pes of un- 
gulate placenta arc merely withdrawn and the maternal mucosa is not 
tom away and lost 

3 In carnivores the fctal-matcmal union in the region of the viUous 
girdle is much closer than in the ruminant (Pig 57 D) Nevertheless, the 
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Fig 58 — Plicental t> pes amnRed in a senes to show the proKressi\ e elimination of bamers 
between the maternal and fetal circuhtions (mostly after rictner and Gellhom) A, Epithelio- 
chorial B synd^mo chonal C, endothcIio<homl, D, hemo-chonal E hemo-endothehal 

erosion of the utenne mucosa spares the endothelium of its blood vessels 
so that the syncytial chononic epithelium packed about the maternal 
vessels, is still separated from the utenne blood stream (endotlicUo-chonal 
placenta) At birth there is destructive separation of the placenta, through 
which the fetal layer with its enclosed maternal vessels splits off from a 
deeper zone of maternal tissue This basal zone, which is left behind, has 
not entered into the pregnancy alterations as have the more superficial 
levels, it bnngs about the regeneration of the mucosa m the placental area 
4 A still more intimate placental relation occurs in lower rodents 
insectivores, bats and anthropoids, it is charactenzed by a more thorough 
erosion of the superficial utenne mucosa (hetno-chortal placenta) One t>pe 
(labynnthine) is like the endothelio chonal placenta of carnivores except 
that the endothelium of the utenne vessels is lost and the rnatemal blood 
arculates in channels wnthin the fetal syncytium In the anthropoid type 
(nlloiis) the chononic villi are free, branching tufts which dangle in cavern- 
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ous spaces and are directly bathed by maternal blood issuing from opened 
vessels (Fig 105) The fusions between chononic and utenne tissues are 
such that at birth the placenta tears awa> as a unit, leaving behind a deeper 
regenerative layer of less modified mucosa 

5 In higher rodents (rat, guinea pig) is found the nearest approach 
to actual intermingling of the blood of the two circulations (Fig 58 E) - 
The chononic villi reduce to bare blood vessels whose endothelial walls 
alone separate the fetal blood from the maternal sinuses {hcino-cndothclial 
placenta) 

The progressive elimination of barriers between the maternal and 
fetal circulations m the five types of placenta can be follow ed easily in the 
senes of diagrams shown as Fig 58 

It IS clear that the chonon serv es many mammals (f g , ungulates , carmv ores) b> bang- 
ing the allantois into close relation with the utenne wall Sharply contrasted is the condi- 
tion in anthropoids and rodents where the chonon assumes all the placental functions, while 




Fig 59 — Vanitions m the depth of implantation among mammals (after Mossman) A , Super 
ficial (rabbit) B, eccentnc (ground squirrel) C interstitial (hedgehog) 

the superseded allantoic sac becomes vestigial or eten lacking Of course, it may be argued 
that the allantoic vessels are the most important component of the allantois, that these vascu- 
larize thechonon of placental mammals in general, and hence that a placenta is fundamentally 
chono allantoic e\ en though the allantois, as a sac, is insignificant - 

There is some e\ idence that the rate of transfer of substances from the blood of the 
mother to that of the fetus increases as the number of lajers to be passed decreases ^ The 
ascending order of efficiency is the same as the order m w hich the structural tj-pes of placenta 
have ]ust been discussed It is also natural to assume that this structural senes, with a 
progressive thinning of the fetal maternal bamer, indicates the evolutionarj sequence Yet 
this maj not be the case, since the epithelio chonal t>pe is widel> scattered and tends to 
occur in mammals highlj specialized in other respects Arguments hav e ev en been advanced 
m favor of erosive placentation as the prurative tjpe ^ 

Depth of Implantation — The relation of the chononic sac to the utenne 
wall vanes greatly among placental mammals In general three types of 
implantation may be distinguished, although transitional conditions occur 

(Fig 59) {^) Stipcrficml Growth of the sac bnngs it into contact with the 
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Type or 

MAM&tAL 

SltAPE OF 
pLACrNTA 
(Villous 
Distribution) 

Typi or Placi sta 

Rflatiov of 

Uti rus to 
Chorion 

Loss of Maternal 
Tjssuf at Birth 

Afonotremes 





Marsupials 

Avillous 

Apluccntal 
(Temporary 
scnuplaccnta in 
some) ! 

Epithclio rhonal 
(Tcmjiorary) 

None 

(Insome, fetil tis- 
sue IS retained) 

Ungulates tn 
general 

DifTuse 

Scmiplnccnia 

(AppoMtion) 

Epithclto-chonil 

None 

(Nondeciduate) 

Ruminant 

ungulates 

Cotyledonary 

ScmiplTccnta 
(Sfislit fusion) 

Sjmdesmo<hortal 

[slight 

(Scmideciduate) 

Carntiores 

Zonary 

True 

(Fusion) 

Endothclio chom! 

Moderate 

(Deciduate) 

Anthropoids 

Discoid 

True 

(Fusion) 

Hemo-chonal 


Higher 

rodents 

Discoid, cup 
or spheroid 

True 

(Fusion) 

Ilemo-cndoihclial 

Moderate 

(Deciduate) 


Type of 
Maiisial 

Origin of Amnion 

Yolk Sac 

Yolk s \c 
Placi sta 

Allan 

TOIS 

Chorio- 

allantoic 

Placenta 

Monolremes 

Folding 

Large 

(Much }oIk) 


Large 


Marsupials 

Folding 

Large 

Present 
(In some) 

Small 

None 

(One exception) 

Ungulates tn 
general 

Folding 

Small 

Present 

(Early) 

Large 

Present 

Ruminant 

ungulates 

Folding (Preceded by 
cavitation in some) 

Small 

Present 

(Early) 

Large 

Present 

Carntiores 

Folding 

Medium 

Present 

(Early) 

Large 

Present 

Anthropoids 

Cavitation 

Small 

None 

Vestigial 

None* 

Higher 

rodents 

Folding or cavitation 

Large 

(Specialized) 

None 

Small or 
lacking 

None* 


• Except that pnimtive allantoic vessels vasctilame the chonon 
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lining of the mam utenne cavity , this tj pe is albo know n as central implanta- 
tion (ungulates, carnivores, monkey) (2) Eccaiinc The sac lies for a 
time in a fold or pocket w hich then closes off from the mam cavity (beav er , 
squirrel) (3) Interstitial The sac penetrates into the substance of utenne 
lining (hedgehog, guinea pig, some bats, ape, man) 
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CHAPTER VI 


HUMAN EMBRYOS AND THEIR MEMBRANES 
PERIOD OF CLEAVAGE (FIRST WEEK) 

The subdivision of the fertilized egg into blastomcrcs and their re- 
arrangement into a hollow blastocyst occup> the first ^\cek of human 
development A previous chapter has desenbed the ivay in which cleavage 
breaks down the mammalian egg into cells of suitable size to serve as 
building units With the production of a typical blasiacysi this process of 
size reduction nears its end At this stage the cells of the future embryo- 
proper are segregated as an tuner cell mass, uhercas the capsule-Iike wall 
of the blastocyst is auxiliary tissue, the trophoblast, which will establish 
nutntive and other relations with the utenis Information furnished by 
studies on the monkey and other mammals indicates that the first three 
days of human development are spent in descending the uterine tube, 
dunng which time cleavage has produced about twelve blastomeres The/ 
next three days are passed in the uterine cavity as a free morula and blasto- 
cyst At the end of the first week the blastocyst attaches to the epithelial 
lining of the uterus and begins to sink into the soft tissue beneath No 
human specimens illustrative of this entire penod are knowm, except 
a somewhat abnormal morula and artificially fertilized eggs which achieved 
the two- and three-cell stages Cleavage stages and the blastocyst, as they 
occur in the monkey, are shown in Figures 34 A-C and 45 

PERIOD OF THE TWO LAYERED EMBRYO (SECOND WEEK) 

It will be remembered that gastrulation segregates the embryo-forma 
tive cells of the inner cell mass into three germ layers which are advan- 
tageously situated to begin the building of the body and its organs If 
cleavage can be compared to the quarrymg of building stones, then gas- 
tnilation is the cartage of th^e units to convenient working points on the 
site of a future edifice In mammals gastrulation occurs in two stages and 
it is the first of these, entoderm formation, that ends the first week and 
ushers in the second week of human development 

The youngest human embryo known is not more than seven and one- 
half days old ** Its mclusion withm the Iming of the uterus had not been 
* The assigning of ages to recovered einbr3ro3 is an appro^raation whii.h may err as much as 
10 per cent from the true age The ages given here to specimens of the third and fourth weeks 
are slightly younger than many authorities have favored in recent years and shghtly older than 
some now advocate 

90 



PERIOD OF THE T\\0-L\\ERED EMBRYO (SECOND WEEk) 


91 


completed (Fig 60) Several important advances in this specimen mark a 
stage of development beyond that of the simple blastocyst The tropho- 
blast (j e , the blastocyst -a all) is much thickened nhere it has come in con- 
tact with the connective tissue of the uterus Here most of the cells have 
lost their boundaries and become a s)mcytium In the region of the inner 
cell mass a cleft was separating the amnion, n hich like the trophoblast is 
auxiliary tissue, from the embrjo-fomiative cells The latter constitute 
the embryonic disc It consists of a thicker plate of potential ectodermal 
and mesodermal cells, not yet recognizable as such, and a definite layer of 
segregated entoderm which faces the cavity of the trophoblastic sac 

The next described specimen, not more than nine days old, lies almost 
wholly within the uterine lining (Fig 89 V) ' The chief change is in the 
syncytial trophoblast which has become thick and spongy through the 
appearance of irregular spaces, some of these connect with maternal capil- 

Conneclne tissue of uterus 


Fig 60— Section throu{,h “i human embrjo of seven days partly implanted m the utenne wall 
(Hertig and Rock) X aoo 

lanes The innermost part of the trophoblastic capsule, next the central 
cavity of the blastocyst, is not syncytial but consists of discrete cells 

In stages at 1 1 and 12 days, primitive mesodermal cells are differentiating 
everywhere from the cellular layer of trophoblast (Fig 6r) ® Some believe 
that the innermost of these cells have united and produced the so-called 
exoccelomic membrane, which bounds the mam cavity of the sac and is con- 
tinuous with the entodermal cells - ^ Others interpret the membrane as a 
provisional yolk sac of entoderm, reminiscent of the larger early yolk sac 
of lower mammals ^ The mesodermal elements are all extra-embryonic, 
the main plate of the embryonic disc not having begun the segregation of 
embryonic mesoderm from ectoderm 

By the thirteenth day a definite yolk sac has appeared, presumably by 
a separation or segregation of cells from the entodermal layer present m 
earlier stages on the under surface of the embryonic disc {cf Fig 46) ■* 
The entoderm m the region of the disc is a thick layer, whereas the sac 
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proper IS thm So different is the appearance of these latter, flat cells that 
It has even been proposed that they may be mesodemial in origin ® The 
temporary cxococlomic membrane has largely disintegrated as such, while 
the pnmitive extra-embryonic mesoderm as a whole is consolidating into 



UUnne 

epithelium 


Fio 6i — Section through a hum in ctnboo of ele\cn <la>s >mplanl«l m the otenne W’all (Ifertig 
and Rock) X no 



Fig 62 — Reconstructions of the exterior of human embryos A At fourteen days (X 80) B at 
MXteen days (X 95} 


a definite layer beneath the trophoblast Some of this mesoderm is begin- 
ning to extend as stubby cores into the trophoblastic cords, this marks the 
beginning of true chonomculh (Fig 64 A) The entire capsule of mesoderm 
and trophoblast can now be called the chonott, and its cavity the exira- 
etnbryonic calout 
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1 he appearance of an embryo at the end of the second w eeh is show n 
in Figures 62 A and 63 -i The circular embrjonic disc still lacks separate 
ectodermal and mesodermal lajcrs, although there are slight indications 
that a pnmitive streak is organizing At its penpheral margin, the disc 
IS continuous with the amnion above and the yolk sac below The e\tra- 
embrj onic mesoderm can be designated regionally by special names The 
layer that now clothes the yolk sac is sflaiidmtc mesoderm, while the lajer 
covering the amnion and lining the chonon is somatic mesoderm (Fig 64 A) 
The roof of the dome-hke amnion is attached broadlj to the chonon b> 
mesoderm The epithelial cov enng of the chonon and lining of the amnion 
are usuallj classified as crlra-cmbrjoiitc cclodiim, by analogy with lower 
forms 

Embryonic disc Pnmtltie streak 



Fig 63 — A Right hTlf of t hurtnn embno (Brewer) of fourteen days X 85 B, Human em 
brjo (Mateer Turner) of sixteen da\> viewed from the lelt and above X 35 


PERIOD OF THE THREE-LAYERED EMBRYO (THIRD VEEK) 

At 16 da>s a v\ell-formed prvmUcc ytnak is evident caudally on the 
surface of the pear-shaped embryonic disc (Fig 63 B) A transverse section 
shows the utesoderm spreading from the streak as a prominent layer betn een 
the ectoderm and entoderm (Fig 48) This segregation of embryonic meso-'^ 
derm signifies that the second phase of gastrulation is in progress The 
amnion roof is now free and only a bndge of mesoderm, the body ytalk, 
connects the caudal end of the embryo with the chonon (Fig 62 B) The 
allantois is a slender, entodermal tube which has extended into the meso- 
derm of the body stalk (Pig 64 B) The chononic villi branch, and blood 
vessels are appearing in the mesoderm of the vjlh as well as in the mesoderm 
of the chonon proper, body stalk and yolk sac 

Stages at 18 days possess a Acod proem which extends forward from the 
pnmitive knot at the front end of the primitive streak (Fig 65 A) The 
onginall> solid head process of the previous day has become tunneled by 
a notochordal canal and the floor of the canal is disappeanng (Fig 66) As 
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nght and left halves The developmental potencies of a chick blastoderm 
at this penod, tested by grafted pieces, are indicated in Figure 67 

An embryo of 19 days ends the presomite penod (Figs 64 C and 65 B) 
It IS slipper-shaped in outline and there is slight constnction of the some- 
what conve\ embryo from the yolk sac Growth has elongated the portion 




Fig 65— Human embrjos with nmnion cut iway viewed from above A, At eighteen days 
(Heuser, X 45) B at nineteen da> s (v Spec X 23) 


Body jlalk—^ 


Somalopleure 



Entoderm AUantots^ 

1 oik sac canty 

—Human embr>o at nineteen da>s, m diagrammatic sagittal section (after Scammon) 


of the embrjo ahead of the pnmitive knot A median stnp of ectoderm 
in this region is thickened as the mural plate, a definite neural grooic courses 
along Its length The floor of the head process has disappeared, leaving 
the roof as the notochordal plate, this plate soon rounds up into an axial 
rod, the notochord The Jore-gut is beginning to form and there are slight 
indications of the future heart This stage of embryonic development is 
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often called a nettntla, it designates a third period beyond the stages of 
the blastula and gastrula 



Pio 67 —Location of prospective organs 'll the staKC of the head process as tested b> cultivating 
pieces of the chick blastoderm (after Ranlcs) 


A GRADED SERIES OF PRESOMITE EMBRYOS AND THEIR DIMENSIONS 


AlrrilOR AND DFSICVATION 
or EMBRVO 


CHORIONIC SVC 

IDtk SVC 

EMnRVOSlC 

DISC* 

ESTIMVTED 

ACE 

Ater exl 
dtam (mm ) 

Ater tnt 
dtam {mm ) 

l/<ix dtam 
in {mm ) 

Length X 
andlk 

{In days) 


I Prumtive Streak Absent 


A Ammolte eavtty, entoderm soltd Irophoblast 
Hertig and Rock (C C 8020) I I I j | 

1945 I 22 I IS I Unformed [ 08 X 09 j 7 

B Extra embryonic mesoderm, spongy Irophoblast 
Hertig and Rock (C C 7699), I III I 

1941 I 75 I 36 I Unformed I 09 X 14 | ll 

C iolk sae ehortontc nlh differentiating 

\,Liiizenmeier 1914 [ i 04 I ®3 I 10 [ ii X 21 | 13 

* The horizontal measurements of the ammoA are either the same or nearly the same as 
those of the embryonic disc 
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II Primitive Streak Present 
A Beginning pnmtttte streak 

Bre\\er{UC 1496), 1938 ! 28 \ 15 I 2 I 21 X 18 | 14 

B Prmiliie groo e pit and knot, embryonic mesoderm, itlli branching 
Streeter (Mnteer), iqi9 | 6 8 1 4 7 ] I 5 1 9 - X 78 1 16 

C Solid head process, cloacal membrane, allantois 
Thompson Bnsh 19=3 I72 | 5 7 I ol 9X9I >7 

D Notochordal canal tunneling head process 

Ingnlls (\V R I), 1918 1 79 I ^7 I 25 |2oX8| iS 

£ Neural folds neurentenc canal fore gnl indicated 

Spee (Gla:), 1889 1896 1 93 1 7 ^ 1 l^SX^j 19 

PERIOD OF THE EMBRYO WITH SOMITES (FOURTH WEEK) 

Vertebrate Characteristics —Since the embrjo Js> now read) to enter into body building, 
it IS worth while to ha\e in mind some of the chief features that characterize vertebrates m 
general 

1 A tubular central ncnoiis s\stent, \\holl> dorsal m position 

2 An internal skeleton, composed of living tls^ue 

3 A iHoid//, closed by a lower jaw 

4 A pharynx, which differentiates gills or lungs 

5 A ventral heart, connecting with a closed sjstem of blood tcsscls 

6 A calom, or body cavitj, which is unsegmented but is divided into compartments for 

the heart and abdominal organs (and, in higher vertebrates, for the lungs as well) 

7 The limbs Two pairs, with an internal skeleton 

The Primitive Body Plan — During the fourth week of human development all of the 
parts just listed (and many others) make their beginnings Certain item-s m this foreshadow - 
ing of the future organization of the body require comment and illustration (Fig 68) 

The Neural Tube — The neural plate folds into a tube w hich detaches from the general 
ectoderm and becomes the nervous system This includes, the brain, spinal cord and nenes 
The Notochord — This cord of me^odermal cells runs axially between the neural tube 
and gut It serves as a primitive ‘backbone’ and is later surrounded and replaced by the 
vertebral column 

The Cut — ^The roof of the entodermal yolk sac folds into a tubular gut which becomes 
the digestive tract and respiratory system The pharynx of fishes and aquatic amphibians 
opens to the outside by gill slits incomplete homologues appear m the embryos of reptiles, 
birds and mammals 

The Somites — These primitive segments he alongside the spinal cord m pairs and are a 
prominent feature of vertebrate embryos (Fig 72) They anse when transverse clefts sub 
divide the thickened mesoderm next the nudplane into block like masses Each somite giv es 
nse to a muscle segment supplied by a spinal nerve, while each somite pair also collaborates 
in producing a vertebra At the level of any pair of somites he primitive kidney tubules 
and also blood vessels arising from the aorta This whole group of associated, mesodermal 
structures is repeated serially throughout much of the embryo’s length 

This segmental arrangement bnngs to mind the serial divisions, or metameres of an 
earthworm’s body In the worm each metamere similarly contains a ganglion o* the nerve 
cord, a muscle segment, and pairs of nerves, blood vessels and excretory tubules Such serial 
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repetition of homologous pnrts is cillcd metamenm lienee the %ertcbrate embrjo is alvj 
fundamentally metameric, c\en though mucli of its segmentation is lost as dcveloijmcnt 
ad\ances Just ns a norm grows bj adding new metamert-s at its lail-cnd, so the somites 
and associated structurcb of the \crtcbrate embrjo appear first in the head region and arc 
added progressively tailuard But there are these dilTcrcncCJ. between the metamensm of 
a worm and of the vertebrate embryo m the worm it is complete, and both external and 
internal in the vertebrate it is incomplete ventrally, and purely internal 

The Ncphrotovie^ — A short plate of cells extends \ cntrnlatcrad from each somite Fnim 
these serially arranged plates will develop the urogenital glands and their ducts 

7 he Lateral Mesoderm — The remainder of the mcsfidcrm of the embryo, ventrolateral 
to the nephrotomes, is not segmented It splits into two layers, the somatic anti splanchnic 
mesoderm From the first, the ectoderm and somatic mesoderm arc closely rssociated They 
constitute a natural unit, named the somatoplenre, which producus the lateral and ventral 
body wall of the embryo and continues beyond the embryo as the amnion and chonon In 
a similar way, the entoderm and sjdanchnic mesoderm combine as the splachnophurc It 


tJeurat tube — 
(wenowr sysltm) 

Notochoru 
{prtmxUie baekbone) 


( Entoderm, 
Splanehtio 1 

pUure I Splanclu 
[ mesoderm 


Sotiitle 

(skeleton muscles) 

-.-^^Plrphroleme 

(urojieriital system) 



Somato 
Somatic I pleiire 
mesoderm l 
Cut (digesine and 
respiratory systems) 

Fig 68 — Diagrammatic transverse section of a vertebrate embryo 


forms the gut and lungs The s[danchnopleurc of the young embryo is continuous with 
that of the yolk sac 

The C<r/i7H2 — The space between the split layers of lateral mesoderm is the ccclom, or 
body cavity In mammals the coclonuc cavaty of the chononic sac, and the mesoderm of the 
chonon, amnion and yolk sac which faces this cavity, exist before there are corresponding 
developments within the embryo itself These external representatives of ccelom and meso- 
derm ire designated as extra-embryomc Until the body wall closes off, there is direct con 
tmuity between the ccelom inside and outside the mihrya The original cmJom within the 
embryo becomes subdivided into separate compartments for the heart, lungs and abdominal 
V iscera The surface lay er of the mesoderm, which everyw here bounds the ccelom, is termed 
mesothehiim 

Vessels ■ — Tiny spaces, appearmg within the mesoderm (mostly of the spongy type 
known as mesenchyme), link into vascular networks which spread rapidly m the chonon, 
yolk sac and embryo proper They become the heart, blood vessels and lymphatics Their 
thin, lining layer is endothelium 

During the fourth week there is an average increase in total length 
from about 2 to 5 mm but size alone is too vanable among the smaller 
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specimens to constitute a reliable index of development Better correlated 
with the degree of de\elopment is the number of mesodermal somites 
These make their appearance progressively, they begin to appear at the 
end of the third week and attain nearl> their full number (about 40) during 
the fourth week Such momentous changes charactenze this penod that 
the embryo advances from a simple disc to a relativclj complex organism 
Some of the head of an embryo anses from the matenal of the em- 
bryonic disc in the region cephalad of the early pnmitive knot But shortly 
after the pnmitive knot is formed the pnmitive streak begins to shorten 
and the knot moves caudad, paying out in its wake most of the notochord 
and the floor of the neural tube (Fig 69) ® “ Simultaneously with this 
retreat the somite-pairs appear in steady succession on each side of the 
notochord, organizing from the appropnate mesoderm brought in by the 
movements of gastrulation By the time the mapntv of somites have 
formed, the surviving pnmitive knot and streak is a compact mass of 



Flo 69 — Diagrams of the caudal growth of the body partly at the expense of the retreating 
pnmiCive l»,not (Streeter) The primitive knot is stippled 

tissue located at the caudal end of the embryo and known as the end bud 
or tail bud (Figs 70 D and 73 A) The tail, at least, traces ongin from this 
swelling in which separate germ la>ers cannot be recognized Some have 
argued that the lower trunk as well differentiates from an ‘indifferent’ 
matenal in the end bud ’ Others believe that there is no real difference 
between this region and those at more cephalic levels, except that from the 
first the germ-layer matenals are crowded and condensed progressively in 
a caudal direction in a way that hides their identity In other words, the 
gastrulation movements (and the resulting segregation of ectoderm, meso- 
derm and entoderm) are fundamentally the same with respect to all levels 
of the future embiyo ^ 

The most important maneuver in the establishment of general body 
form is the transformation of the flat embrjomc disc into a roughly cylin- 
drical embiyo attached to the yolk sac by a narrower stalk Three factors 
CO operate to product this change (i) There is more rapid expansion of 
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both the embryonic area and the yolk sac in contrast to a slower rate of 
growth at the region of transition between the two The enlarging embry- 
onic area, bound at its more sluggish, inelastic ponphery, at first buckles 
upward and then overlaps the slower growing margin, the latter becomes a 
zone of ‘constnction’ between embryo and yolk sac (Pig 65) Since the 
growth IS particularly rapid at the future head- and tail-ends, the embryo 
soon becomes elongate (Fig 71) The entire process can be eJesenbed as 
one of internal growth resulting m folding the embryo enlarges somewhat 
as docs a soap bubble blow n from a pipe (2) In conjunction with the over- 
grow th just described, there is important underfolding, most evident at 
the front and hind ends of the embryo'* As the neural axis elevates and 
projects forward beyond the margin of the embryonic disc, the future 



Fio 70 — Sagittil sections of human erabrj os to illustrate the reversal occumng at the cranial 
and caudal ends X 3o A At presotnile sUrc B at one somite C w si\ somites D, attneKc 
somitei £, at twenty tao somites Arrows show growth directions 


pharyngeal membrane and the cardiac area sw^ng bentith, as on a hinge 
(Fig 70 A~C) In doing this the cardiac area, onginally ahead of the 
pharyngeal membrane, necessarily becomes the more caudal of the two in 
position while the amnion and the yolk sac (originally at the nm of the 
disc) then attach caudal to the pencardium (Z?, E) Caudal growth of 
the end bud bnngs about a similar reversal at the caudal end of the embryo 
{A~E) As a result, the cloacal membrane and body stalk turn under onto 
the ventral side (3) Finally, a certain amount of true constriction, through 
growth, purses all these parts at the sate of the future umbilicus {C-~E) 
Throughout the entire penod dunng which the body and its parts are 
being laid dowm, development and differentiation appear first in the head 
region and then advance tailward For this reason, many structures that 
extend longitudinally for an appreciable distance show progressive stages 
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'of development at successu eh higher Ie\ els m the same embr} o The size 
advantage initiallj gamed by the head-end as a whole is relinquished only 




Fig 71 — Hum'in cmbr\os of t\\cnt\ -one da\s m dorsal \ ictv (Streefer) A Inpalls embryo of 
I 4 mm \Mth three somites (X 42) B Payne embryo ot 2 2 mm with sc\cn somites (X 27) 




Fig 72 — Humin embryos of twenty two days A Veit Esch embryo of 2 ^ mm , wnth nine 
somites pirtially dissected and Mewed from the nght side (X 25) B Comer embryo of i 7 mm 
with ten somites m dorsal view (Streeter X 34) • 

slowly A further tendency toward progressively graded development is 
expressed from the mid-dorsal line in lateral directions Such relations are 
the visible expressions of gradients in^growth and differentiation 



102 


HUMAN EMDR\ 0 S AND TIICIR MKMDRANES 


Returning now to the considcntion of representative embryos, it i\ill 
be simpler from this jiomt onward in development to concentrate first on 




Tie 73— Human embrjos o( lwcnt> four md l«cnt> sk dnjs from the left side 

A Atwell embrjo of 2 0 mm , niih mncicen somites (Streeter X 23), D 36 mm embrvo with 
twenty five somites (X ifO 




A B 

Fig 74 — Human embrj os of four and five weeks viewred from the left side (X 12) 

' B at 8 mm (X 7 S) 

the advances made by the embryo itself After these changes have been 
earned up to the time of birth, the later histones of the fetal membranes 
will be desenbed 



PERIOD OF EMBR \0 COMPLETION (FIFTH THROUGH EIGHTH M EEk) IO3 

Rapid, differential growth of the erabrjo about to enter the fpurth 
week causes it to take a cjhndncal shape (Figs, 71 and 72) Neural folds, 
nsing high and uniting in a progressive manner, roll up a ucural iubc m 
which a larger brain region becomes plainly indicated hlan> preserved 
specimens of this penod show a markedl> concave back, apparently pro- 
duced artifically by shnnkage of the jolk sac (Fig 73 A) Internally the 
fore- and hiud-gut elongate into blind tubes (Fig 64 D) The hcati becomes 
conspicuous and a s\stem of paired blood vessels is established Sonnies 
increase rapidh in number 

Later in the week the charactenstic features include (Figs 73 B and 
74 i 4 ) a conve\lj curved back and \entrall> fle\ed head a sharp bend 



Fig 75 — Human embryo of six weeks (12 mm ), viewed from the nght side X 5 

{cephalic flexure) at the level of the mid-brain, a broader curvature {certical 
flexure) in the region of the future neck, a bulging heart, a definite trunK 
ending in a conspicuous tail Sense organs and hmb buds are indicated and 
the branchial arches become prominent, the first pair of arches bifurcates 
into primitive jaws The yolk stalk, or connection with the yolk sac, is now 
relativel> small and slender It is the rapidly elongating neural tube, in 
contrast to the slow er growing ventral surface of the embryo, that produces 
the charactenstic curves and flexures in the embryo as a whole 

PERIOD OF EMBRYO COMPLETION (FIFTH THROUGH EIGHTH WEEK) 
These embryos, ranging between 5 and 23 mm , show marked changes 
Their external form, although quite unfinished, comes to resemble more the 
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‘human’ condition, and after the second month the developing joung is 
commonly called a jetus This external metamorphosis may bo folloued 
by stud>ing Figures 74 A to 77 L It is due pnncipally to the following 
factors (1) Changes in the flcxuns of the body, the dorsal convexity is 
lost, the head becomes erect and the Ixxly straight (2) The /acc develops 
(3) The external structures of the car and uosc appear (4) The limbs 
organize as such, with digits demarcated (5) 'Ihc prominent tail of the 
fifth week becomes inconspicuous both through actual regression and con- 
cealment by the grow mg buttocks (6) The umhiltcal cord becomes a definite 


tilit 


cord 


lolksfaUt 


Fig 76 — Huimti embryo of sc\en weeks, (18 mm ) with its membrmes \ jewed from the nght 
side X 2 The chonon has been reflected and half of the amnion rcmo\ cd 

entity, its embryonic end occupjmg a relatively diminishing area on the 
belly wall (7) The heart, which was the chief ventral prominence in earlier 
embryos, now shares this distinction with the rapidlj growing Itier, these 
two organs determine the shape of the ventral body until the eighth week 
when the gut dominates the belly cavity and the contour of the abdomen 
IS more evenly rotund (8) The neck becomes recognizable, due chiefly to 
the settling of the heart caudad and the effacement of the branchial arches 
(g) The external genitalia appear in their ‘sexless’ condition (10) The 
neuro-muscular mechanism attains sufScient perfection so that spontaneous 
movements are possible 

Almost all of the internal organs are well laid down at two months, 
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henceforth, until the end of gestation, the chief changes undergone are 
those of groiUh and further tissue differentiation 

PERIOD OF THE FETUS 

Dunng the thud mo,dh (lunar) the fetus definitely resembles a human 
being, but the head is still disproportionately large (Fig 77 F If), the 



Fig 77 — A graded senes of human embn os at natural size 

umbilical herniation is reduced by the return of the intestine into the 
abdomen, the eyelids fuse, nails begin forming, and sex can no%\ be dis- 
tinguished readily At Jour months fetal movements begin to be felt by 
the mother , the face has a truly human appearance (Fig 7 7 H) At Jive 
mojtths hair is present on the head and body During the sixth month the 
eyebro^vs and lashes grow, the body is lean but in better proportion At 
seven months the fetus looks like a dned-up, old person with red, wrinkled 
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skin , the eyelids reopen In the eighth month subcutaneous fat is depositing, 
the testes are invading the scrotum, infants of this age bom prematurely 
can usually be reared (incubator babies) In the ninth month the dull 
redness of the skin fades, wrinkles smooth out, the limbs become rounded, 
and nails project at the finger tips During the tenth month the bodj con- 
tinues to round out, due to the progressive accumulation of fat, the pro- 
visional, douny hair-coat begins to shed, the fetus is now 'at full term,' 
ready for birth 

The embryos shown m Figures 6o to 76 arc drawm at progressively 
decreasing magnifications In order to obtain a better idea of the actual 
and relative sizes of embryos at different penods, the senes assembled as 
Figure 77 should be studied These embryos arc all drawn at natural size 



pjG 75 — MaUomied human embryos i 4 . Stunted embrjo wUh poorly developed external 
form (X 4) B Amorphous Ictus tmn to n normal lullteimbaby Externally there was hair 
and a rudimentary mouth and cyclopw cj c intemally there were three vertebra; and the base of 
a skull besides much vascular connective tissue and fat and a liUlc muscular and nervous tissue 
(X 4 ) C Mummified fetus within a calcified gestation sac (X i) I>, Fetus papyraceous (X f) 

The appended tabulation is designed to present an epitome of human 
development for purposes of stud> and reference In the vertical columns 
the sequential development of each system is listed Of even greater 
importance is a study of the bonzontal entn^ w’hich record the correlated 
changes throughout the embryo at definite penods It is this picture of 
parallel development that ordinarily is visualized inadequately 

Anomalies — Grossly abnormal embryos are not infrequent among those obtained by 
spontaneous abortion or necessary opwattve intervention The external body form may 
show all gradations from mildl> faulty modeling to an amorphous nvas that ts scarcely 
recognizable as a fetus (Fig ^S A, B) Vanous pathological alterations in the embryo com- 
monly accompany those morbid disturbances that induce its stunting or death Degener- 
ativ e changes are common also m the fetal roembranes, although tlie chononic sac sometimes 
continues to grow for a time quite nonnally after the embryo has died and even after it has 
disappeared Afany of these imperfect s^ieeuuens trf different kinds result from eggs of such 
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itutial poor quality that nonnal, continued de\elopment was impossible If a dead fetus is 
retained it usuall> macerates and reiorbs, but it may mummify or e\en calcify into a htho- 
pedion (i e , “stone child”) and persist indefimtely (C) Compression produces a fetus 
papyraceous, or “paper-doll letus” (X>) 

Malformations of the more specific parts of the body will be descnbed later in conjunction 
with the detailed development of those regions 

THE FETAL MEMBRANES 

The beginnings of the >oIk sac, amnion, chonon, body stalk and 
allantois dunng the second and third ueeks of embryonic life have been 
descnbed in conjunction with the embryos of those penods The later 



A B 


Fig 79 — Early membranes of human embryos displayed by opening the chononic sai- A At 
2 6 mm (X 5) B at 11 mm (X 2) 

histones of these auxiliary organs and the complete de\elopmental course 
of another, the umbilical cord will now be traced 

The Yolk Sac — The entodermal roof of the yolk sac. composed ongi- 
nally of taller cells, provides the pnmary matenal from which the gut is 
fashioned At hrst only a slightly narrower region connects the unclosed 
gut with the yolk sac proper (Fig 79 A) With the further growth of the 
embryos body there is progressive constnction of the embryo from the 
yolk sac This actual constnction is intensified relatively when both em- 
bryo and yolk sac continue to enlarge, whereas their region of union lags 
The slenderer connection does, however, elongate greatly to become the 
thread-like yolk stalk which soon is incorporated into the umbilical cord 
( B) The yolk stalk detaches from the gut b> the end of the fifth week and 
soon degenerates Because of its relations, the human yolk sac has some- 




THE FETAL MEMBRANES 


lOQ 


vascular membrane It is lined, next the amniotic cavity, with a single 
layer of ectodermal epithelium, the external co\enng is mesodermal con- 
nective tissue The ammotic cavit> enlarges rapidly as the fast-grouing 
amnion expands at the expense of the extra embr> onic ccelom, and at the 
end of the second month fills the chonomc sac (Fig S2 C) The amnion 
then fuses loosely with the chonomc wall, the two fibrous la>erfe combining, 
this naturally results in the obliteration of the extra-embryonic bod> cavit} 

Clear, watery amniotic fluid fills the sac It is at least mostly of fetal 
ongin, secreted in part by the Kidneys and perhaps by the cord, skin and 
amnion as well, but these problems arc not yet wholly solved® Dunng 
the early months of pregnancy the embiyo is suspended m this fluid b\' its 
umbilical cord, thus immersed, the flabbj embrjo maintains its shape 
successfully and is able to mold further Us bodj form Also throughout 
gestation the amniotic fluid performs several mechanical functions it 
serves as a protective water cushion which 
absorbs jolts, equalizes pressures, prevents 
adherence of the amnion, and permits 
change of fetal posture Ammotic fluid is 
swallowed by the fetus at least as early as the 
fifth month At childbirth the ammotic sac 
acts cis a hydrostatic wedge to help dilate 
the neck of the uterus Dunng the early 
stages of childbirth the membranes usuan> 
rupture and about a liter of ammotic fluid 
escapes as the 'waters ’ If the tough ammon 
fails to burst, the head is delivered envel- 
oped in It and this cap is then known popu- 
larly as the ‘caul ’ 

Anomalies — When the amount of ammotic fluid exceeds two liters the condition is 
designated polyhydramnios A volume less than one half liter constitutes oho oh\dramiiios, 
and a marked deficiency ma> allow the amnion to adhere to the embrj o and cau':© injurj 
It should be emphasized, however, that the fibrous ammolic bands, so called, which at times 
interconnect the ammon and fetus appear to be the products of local necroses of fetal tissues, 
rather than primary ammotic derivatives that cause specific injuries by attaching to the 
fetus 
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The Chorion — Previous descriptions have traced the differentiation of 
the primitive capsule of trophoblastic tissue into a shaggy sac which en- 
closes the embryo and all other fetal membranes (Fig 79) The chief 
significance of the chonon and its villi is in relation to the development of 
the placenta This important topic wnll be treated in the next chapter 

Anomalies— Occasionally a degenerating chonomc sac transforms its \illi mto senes of 

fluid filled bladders up to the size of a pea (Fig 81) This constitutes a usicular, or hydatidi 
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times been called the inubiUcat vcstclc It is a pear-shaped sac which attains 
an average size of 5 mm by the middle of the second month It sub- 
sequently shnnks somewhat and converts into a solid structure containing 
detntus The sac usually persists throughout pregnancy and can fre- 
quently be found in the a£terbirth» between the amnion and placenta 
(Figs 107 and 109 A) 

Although the human jolk sac is not functional in the sense of storing 
yolk, it presumably plays some significant rdle that causes it to persist as 
an earl> auxiliary organ Ihe epithelial lining becomes specialized, and 
blood cells and blood vessels differentiate within the mesodermal covenng 
of the sac These vessels are of interest as a survival of a necessary nutri- 
tional pathway in many vertebrates 

Anomalies — In 2 per cent of all adults tlicre is a persistence of the proximal end of 
the jolkstnlV. to produce an intestinal pouch, Meckel’s of the tleuvt Thisanses 

nenrij three feet above the beginning of the colon AUhougli tisuallj n blind sac and less 



ABC 
Fig 80 — Meckel 8 diverticulum of the ileum A, Ordimr> blind sac A, Diverticulum con 
tuiued to umbilicus as a cord C, Diverticulum with fistulous opening at umbilicus 


than ten centimeters long (Fig So A), the diverticulum maj contmue as a cord or band to 
the region of the umbilicus (B) btiU more rarely it opens at the navel as a completely per 
vious duct through which intestinal contents escape this condition constitutes a fecal 
uvibihcd fistula (C) 

Meckel’s diverticulum is important surgically since it sometimes telescopes into the 
mtestinal lumen and obstructs it In other instances when the diverticulum extends to the 
umbilicus, when its free end fuses to an adjacent pentoneal surface, or when there is a sup- 
portmg band of mesentery, a loop of the small interne ma> become caught and strangulated 

The Amnion. -—The margin of the early amnion is attached to the 
penphery of the embryonic disc, the latter serving as a floor to the amniotic 
cavity (Fig 65) As the embryonic disc grows and takes the form of an 
embryo, this line of attachment becomes limited to the ventral body wall 
(Fig 79 A) and then decreases m relative size until it bounds the umbilical 
area With the development of the umbilical cord, the amnion near the 
umbilicus applies itself to the cord as an external covenng layer (Figs 
79 B and 82) The amnion becomes a thin (but tough) transparent, non- 
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vascular membrane It is lined, ne\t the amniotic cavitj , with a single 
layer of ectodermal epithelium, the e\temal covenng is mesodermal con- 
nective tissue The amniotic ca\ity enlarges rapidly as the fast-grouing 
amnion expands at the expense of the extra-embryomc coelom, and at the 
end of the second month fills the chonomc sac (Fig S2 C) The amnion 
then fuses loosely vith the chonomc nail, the tno fibrous lajers combining, 
this naturally results in the obliteration of the extra-embrj omc bodj ca\ ity 
Clear, natery amniotic fluid fills the sac It is at least mostlj of fetal 
ongin, secreted in part bj the kidnejs and perhaps by the cord, skin and 
amnion as veil, but these problems are not jet nhollj' solved® Dunng 
the earh months of pregnancj’’ the embrjo is suspended in this fluid b\ its 
umbilical cord, thus immersed, the flabbj embrjo maintains its shape 
successfully and is able to mold further its bodj form Also throughout 
gestation the amniotic fluid performs several mechanical functions it 


serves as a protective ivater cushion uhich 
absorbs jolts, equalizes pressures, prevents 
adherence of the amnion, and permits 
change of fetal posture Amniotic fluid is 
sn allow ed by the fetus at least as earlj as the 
fifth month At childbirth the amniotic sac 
acts as a hjdrostatic wedge to help dilate 
the neck of the uterus Dunng the earlj 
stages of childbirth the membranes usuallj 
rupture and about a liter of amniotic fluid 
escapes as the ‘w aters ’ If the tough amnion 
fails to burst, the head is delivered envel- 
oped m it and this cap is then known popu- 
larly as the ‘caul ’ 
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Anomalies —When the amount of amniotic fluid exceeds two hters the condition is 
designated polybydramttioi A \olume less than one-half liter constitutes olio”oh\dramnios 
and a marked deficiency may allow the amnion to adhere to the embrj o and cause injury 
It should be emphasized, hoi\e%er, that the fibrous amniottc bauds, so called, which at times 
interconnect the amnion and fetus appear to be the products of local necroses of fetal tissues 
rather than pnmaiy amniotic den\ati\e:» that cause speafic mjunes bj attaching to the 
fetus ^ 


The Chorion —Previous descnptions have traced the differentiation of 
the primitive capsule of trophoblastic tissue into a shaggy sac which en- 
closes the embryo and all other fetal membranes (Pig ^q) xhe chief' 
significance of the chonon and its viUi is in relation to the development of 
the placenta This important topic will be treated m the next chapter 

fl Occasionally a degenerating chonomc sac transforms its \ilh mto senes of 

m e bladders up to the size of a pea (Fig 81) This constitutes a xesicular, or hydattdi- 
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form mole which as a whole may attain hupcsizc The trophoblasi may become a maltynanl, 
invasive tumor known as a cliono tptthdtoma 


The Allantois — Precocious m ongin and insignificant in size, the 
human allantois docs not follow the usual mammalian method of cvaginating 




Fjg 82 — DuETams of the earl> d»^dopmeot of the human umbjlji.at cord (DeLee) 
a c , Ansniotic cavity exc extra-€mbr><nu<. coelom solid b’ack ectoderm red mesoderm 
dotted black, entoderm 

directly into the extra embryonic coelom Since, however, the bod\ stalk 
which receive the entodermal, allantoic tube represents mesoderm across 
which the ccelom has failed to pass (Fig 04 B-D), the fundamental relations 
are similar to those in lower animals In fact, the body stalk, can be con- 
sidered as allantoic mesoderm which is established somewhat before the 
arrival of the entodermal component 


THE FETAL MEMBRANES 


111 


The allantois of man ne\er becomes saccular Its tiny, entodermal 
tube extends uithin the bod} stalk as far as the chonon and when the 
developing umbilical cord includes the allantois as a component, the latter 
at first is as long as the cord itself (Fig 82) Soon, however, growth ceases, 
and interruption and obliteration follow Allantoic (umbilical) blood 
vessels continue onto the chonon and vasculanze it Mhen the chonon 
becomes a part of the placenta, this latter organ performs all the functions 
of nutntion, respiration and excretion Ph\ siologicall} the allantoic tube 
is a superseded rudiment The onlv significant feature of the organ as a 



Fig 83 —Relations of the umbilical cordin a human embr>oof six ^\eek.s (Cullen) X6 Near 
the embryo the cord has been opened ind cut across 

^\hole lies in the accompanying blood \essels which put the embryo into 
close physiological relation with the maternal circulation 

Anomalies — The allantois apparently lies wholly within the umbilical cord and js not 
responsible for anomalies of the urachus sometimes chained against it 

The Umbilical Cord — As the embryo enlarges, its ventral unclosed 
area becomes relatively smaller and even undergoes some constnction 
(Fig 82 A, B) This region at the junction of embryonic and extra- 
embryonic temtones, is the primitive uuibtlicns At its margin the amnion 
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and the somatopleunc belly wall become continuous, while through the 
unclosed umbilical nng c\tend both the >olk stalk and the body stalk ^nth 
Its included allantois, Dunng the fifth week a c>lindncal structure, the 
wubilical cord, comes into c'ustcncc through the expanding amnion wrapping 
Itself around the body stalk and yolk stalk as it crowds them together 
(Figs 7Q B and 82 C) " Hence the umbilical cord is an auxiliar> organ 
and not an outgrowth or extension of the body wall In addition to the 
components already mentioned, a part of the extra-cmbrjonic coclom is 
enclosed within the cord for a time (Fig 83) The portion of this calom 
nearest the body of the embrj’o enlarges grcatl> and dunng the seventh to 
tenth weeks contains coils of the intestine which herniate into it After the 
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Tic 84 — Anomalous 
insertions of the umbilical 
cord A Marginal attach 
ment B Velamentous at 
tachment on membranes 
adjoining the placenta 


intestine is withdrawn, the cavit> of the cord oblit- 
erates by the encroachment of the mesodermal 
tissue of the cord Such obliteration marks the 
disappearance of the last remnant of the extra- 
cmbrj»onic coclom Until the end of gestation the 
umbilical cord continues to connect the fetus wnth 
the part of the chonon that constitutes the fetal 
side of the placenta 

The umbilical cord is covered wnth the mostly 
single-layered epithelium of the enveloping amnion 
It contains, embedded in mucous tissue, the fol- 
lowing structures (Fig 83) (i) the yolk stalk and 
Its vitellmc blood \cssels (2) the allantois, and 
(3) the allantoic, or umbilical blood vessels (two 
artenes and a single, larger vein) The mitcoiis 
tissue or jelly of Wharton, peculiar to the umbilical 
cord, differentiates from the mesenchyme included 
in the cord at the time of its formation , it is nch 
in mucoid jelly, poor in fibers and contains neither 


intrinsic blood vessels nor nerves In the early months of pregnancy 


remnants of the yolk stalk, vitelline vessels and allantois are to be seen, and 


the latter may continue even to birth 


The mature cord is about one-half inch in diameter and attains an 


average length equal to that of the full-term fetus (about two feet) Its 
insertion on the placenta is usually slightly eccentnc (Fig 109 A) A spiral 
twist soon appears, which may finally number as many as forty turns 
Several explanations have been proposed to account for this spiraling 
The blood vessels frequently curl in loops (by stronger local growth or 
perhaps, in part, by a local unwinding) , these cause external bulgings known 
as Jalse knots (Fig 109 A) 

Anomalies —The extremes of length for the human cord range from almost nothing to 
SIX feet Abnormal shortness leads to practical difficulties at the time of delivery, and extreme 
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shortness can cause distortion of the fetus The production of atrophy and amputation 
through the cord ninding about the neck or extremities of a fetus is often alleged, but with 
out con\incing proof The umbilical cord may attach to the margin of a placenta (Fig 84 ^-1) 
or e%en on the adjoining membranes (S) Sometimes the fetus slips through a looped cord 
m such a naj as to produce a simple true knot (Fig 109 /I), Failure of the intestine to retract 
from Its temporary location m the cord results in umbthcal henna (Fig 191 D), while a 
secondary protrusion after the intestine is normally withdrawn can produce the same final 
condition 


DETERMINATION OF THE AGE OF EMBRYOS 

The determination of the exact age of a recovered human embryo is 
beset i\ith difficulties For the practitioner it is fortunate that significant 
errors concern chiefly the rarer specimens of the early weeks Development 
starts uith fertilization and if this date could be determined reliably, the 
age-problem nould largely disappear But the available data, usually 
supplied by the unaided memory of the patient, too often are either in- 
correct or, at least, open to alternative interpretation as to the probable 
time of conception This lack of a reliable starting date for most pregnancies 
makes further computation but approximate On the other hand, the 
terminal age-date of a healthy embryo whose normal growth has been 
interrupted by operation is definite, and the true age of such a specimen 
(whether determinable or not) is the interval since fertilization But some 
embryos expenence a progressively slowing growth rate pnor to their 
operative removal or spontaneous abortion Moreover, aborted embryos 
commonly are not only dead, but have been retained in this condition for 
a time before extrusion occurs In neither instance is the recovery date 
of much value with respect to normal age spans 

It is impossible more than to approximate the time of fertilization 
Even in fortunate cases W'hen the occasion of an isolated, fruitful coitus is 
surely known, it can only be assumed that fertilization should have occurred, 
on the average, one day after such coitus Accordingly, in the common 
absence of a reliable coital history it becomes important to determine the 
probable time of ovulation If this could be set, the fertilization date would 
then be indirectly established within a day — for the reason that the egg 
loses its fertilizability so rapidly In a previous discussion of the time 
relation between ovulation and menstruation (p 43) it was stated that 
o\ulation occurs most commonly at the middle of the menstrual month, 
nevertheless, it is well recognized that this is at best an average, and often- 
times ova are liberated either earlier or later 

Thus it IS approximately correct to compute the age of an embryo 
from the fourteenth day after iJu. onstt of the last menstruation There are, 
however, two practical difficulties which may make such a reckoning 
unreliable m any specific case First, deviation from the average time of 
ovulation, some clinicians even contend that there is no day of the cycle 

G 



II4 HUMAN rMnRYOS AND TIIEIU MEMIIRANES 

on which instances of conception have not been proved ** Second, bleeding 
that resembles menstruation (the ‘placental sign') not infrequently appears 
in early pregnancies to obscure the true time of the last normal menstru 
ation 

For ordinary purposes it is both convenient and reasonably accurate 
to compare a given specimen with a standard age- and size-table These 
norms have been established through careful studies on fetuses that ivcrc 
accompanied by fairly adequate clinical histones It is, however, necessary 
to understand that such tables merely state averages, whereas the normal 
size-range vanes appreciably above or below the means listed Further- 
more, size alone is rather unreliable as a basis of companson in the first 
month, more important is the state of structural development which ad- 
vances in definite, orderly sequence 

Embryos are measured in two pnncipal ivays (Fig 85) Commonest 
IS the crowu-rtimp length (designated CR), or sitting height, this is the dis- 
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Pio 85 —Measurement of embri os A , Crown nimp length B, crown heellength C neck, rump 
length or greatest length 

tance from vertex to breech The other measurement is the crowi heel 
length (CH), or standing height In embryos of about four weeks, when the 
head is greatly flexed, it is often more practical to use the neck-rump 
measurement, or greatest length (GL) The table on page 115 lists some sta- 
tistical averages for human embryos of definite ages The lengths of em- 
bryos between three and eight weeks should be memorized at the outset, 
because frequent reference will be made to these ages and sizes 

Handy rules for calculating the greatest length m inches of an embrjo 
or fetus (including the legs when this measure increases the total length) 
are as follows 

For the first five months, add the numbers of the prevtoits months 
Examples At i month = o (actually, o 1 inch) 

At 4 months, i -f- 2 -h 3 —6 (actually, 6 2 inches) 
For the last five months, multiply the number of the month by idjo 

Example At 8 months, 8 X 2 = 16 (actually, 16 i inches) 
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are not vigorous enough to reach birth as lumg induiduals ^^oreo\er, this selective elimi- 
nation does not cease at birth but continues throughout the hfc sjian A person reaching 
middle age has rcalizctl the expected \iability of an egg of average quality, on the other 
hand, an individual attaining old age comes from an egg with great initial cnergj , lialancc 
and resistance But not only do ov a as a whole difTcr in endurance, v ulncrability and capacity 
for growth, but the several organs and parts also arc similarl> variable Some rebtivcly 
unimportant organs, such as teeth and hair, suffer a natural carl> decline, jet this docs not 
matter When, however, a functionally important oi^an faib, for whose loss the rest of the 
body cannot compensate, then life is imperiled In this instance an otherwise competent 
human machine meets an untimely death merely because of a single, dcfcctiv c, critical organ, 
such as the heart By contrast, frail indiv idtials frequently totter into old age because they 
are ongmally well balanced and have no vulnerable weakness 

This concept of the importance of the quality of the eggs from which mankind traces 
ongin is fundamental To a certain degree its implications arc fatalistii., > ct there arc other 
interacting factors in the total equation Ixsidcs the innate quality of inherited protoplasm 
Chance and a hostile, local environment maj cut short a life intended for long performance 
On the other hand, an intelligently ottlcretl existence can do much to conserve constitutional 
endowments to their full expectancy 


COMPARATIVE DATA CONCERNING GESTATION IN MAMMALS 




Atf in 
Ltller 




Opossum 

13 days 

8 

Macacus monkc) 

24 weeks 


Mouse rat 

20 22 dv 

6 8 

Man, manlike ape^ 

38 weeks 


Rabbit 

32 days 

6 

Cow 

40 weeks 


Cat dog, guinea pig 

9 weeks 

4- 6 

Marc 

48 weeks 


Sow 

17 weeks 

6-12 

Rhinoceros 

1 8 months 


Sheep goat 

21 weeks 

i- 7 

Elephant 

20 months 
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CHAPTER VII 


HUMAN PLACENTATION 

The subject of placcnlalion includes all the events related to the 
establishment of the embryo within the uterus of the mother, to the develop- 
ment of a placenta, and to the fetal-utenne association throughout preg- 
nanc> 

TRANSPORT OF THE OVBH AND BLASTOCYST 

The fertilized and dealing egg is propelled down the central cavity 
of the utenne tube, guided by the longitudinal folds of its lining membrane 



Fig 86 — Stages of the de\ eloping human ovum, at various levels m its ]Ounie> from ovary to 
uterus (Dickinson) 

(Fig 86) In knotvn mammals, except carnivores, the tubal journey re- 
quires three days That muscular contractions, rather than ciliary activity, 
are the effective agent is implied by the uniformity of this penod of time 
despite great differences in the lengths of tubes (e g , mouse, cow), and by 
differences in the rate of travel from one level of the tube to another This 
conclusion has been strengthened by direct observations on rodents ‘ ^ 
Such muscular force is not directed against the almost microscopic egg itself 
but against the fluid in which the egg is suspended 

1*7 
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-ire not vigorous enough to reach birth as liMng indnicluals ^^orco\er, this selective elimi 
nation docs not cease at birth but continues throughout the life span A person reaching 
middle age has realized the expected viability of an egg of ai crage quality on the other 
hand, an individual attaining old age comes from an egg with great initial cnerg) , balance 
and resistance But not only do o\ a as a whole differ in endurance, vulnerability and capacity 
for groivth, but the several organs and parts also are similarly variable Some relatively 
unimportant organs, such ns teeth and hair, suffer a natural carl> decline, >et this does not 
matter When, however, a functionally important ontan fails, for whose loss the rest of the 
body cannot compensate, then life is impenicd In this instance an otherwise competent 
human machine meets an untimelj death merely because of a single, defective, critical organ, 
such as the heart By contrast, frail individuals frequently totter into old age because they 
are originally well balanced and have no vailnerable weakness 

This concept of the importance of the quality of the eggs from which mankind traces 
origin is fundamental To a certain degree its implications arc fatalistic, yet there arc other 
interacting factors m the total equation besides the innate quality of mhented protoplasm 
Chance and a hostile, local environment may cut short a life intended for long performance 
On the other hand, an intelligently ordcitxl existence can do much to conserve constitutional 
endowments to their full expectancy 


COMPARATIVE DATA CONCERNING GESTATION IN MAMNfALS 




No tn 
Litter 



No tn 
Litter 

Opossum 

13 days 

8 

Macacus monkey 

24 weeks 


Mouse rat 

30 , 22 da 

6 8 

Mon manlike npcs 

38 weeks 


Rabbit 

34 days 

6 

Cow 

40 weeks 


Cat dog guinea pig 

9 weeks 

4-6 

Marc 

48 weeks 


Sow 

17 weeks 

6-12 

Rhinoceros 

18 months 


Sheep goat 

21 weeks 

I- 2 

Elephant 

20 months 
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The follicular cells that adhere to the freshly discharged ovum, as 
the corona radiata, are lost during the journey dou*n the tube Shortly 
before implantation begins, the encapsulating zona pellucida disappears 
as well This release permits the blastocjst to come into direct contact 
inth the utenne epithelium and makes future grow th possible The human 
blastocjst probablj begins to attach on the late sixth or early se\enth daj 
after ovulation Since stages of its attachment and penetration are lacking, 
reliance must be placed on the detailed information gained from the mon- 
key * The stickj», somewhat swollen blastocjst first adheres to the utenne 
epithelium (Figs 88 and 89 A) In this region of contact, between the 
mouths of glands, the trophoblastic wall of the blastocj st thickens and its 
more superficial cells lose their boundanes and become a s> nc} tium At 
the same time the cells of the utenne epithelium in the area of attachment 
begin to break down apparently as the result of some mfluence (digestive 
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Fig 88 — Attachment o{ the blastocN st oC the monkey to the utenne epithelium at nine da% s 
(Heuaer and Streeter) A Total «en from side (X 50) 5 M«*d:an section of the same specimen 
shonmg fusion at two points (X 200) 

enzyme^) exerted by the trophoblast The mjured cells are taken up by 
the trophoblast and digested This erosion creates a gap in the epithelium 
through which the invading trophoblast adxances and comes mto relation 
with the connective tissue beneath (Fig 89 B) 

At this point the senes of human specimens begins The youngest 
w as not more than seven and one-half day s old , implantation probably 
had been in progress for 24 to 36 hours* This blastocyst had advanced 
through the epithelial gap was pushing into the soft tissue beyond, but 
still was largely uncovered (Figs 89 C and 90 A) Wherever the tropho- 
blast bad made contact with maternal tissues it is mostly syncytial and 
remarkably thickened (Fig 60) 

The next known stage, two days older, lay largely buned within the 
compact layer of the endometnum (Fig 89 D)^ Rapid growth of the 
trophoblast had produced a thick, spongy shell The ongmal wall of the 
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The developing human egg presumably enters the uterus on the fourth 
day after ovulation, as docs the egg of the monkey The period spent in 
the uterus as a free morula and blastocyst vanes considerably among 
mammals, in man it is about three days Dunng this interval there is 
further transport to the site where attachment and embedding will occur 
It IS suspected that muscular activity may again be responsible for this 
transfer ® 

PREPARATION OF THE UTERUS FOR THE EMBRYO 


There is no information as to what determines the site ‘selected’ by 


the blastocyst for attachment 


If it IS not chance there is, at least, no 
visible sign of speaal preparation or pre- 
dctcmiination in the area finally used 
Instead, the entire lining of the uterus, 
except in the region of its neck is in a 
state of special preparation for the recep- 
tion of the embryo This favorable con- 
dition IS a phase of the monthly cycle of 
change controlled by the ov anan hormones 
The details of these correlated phenomena 
will be discussed in the next chapter For 
the present it is sufficient to state that 
the lining membrane has thickened mark- 
edly (5 mm, more or less), it is well 
vascularized, and the ghnds are dilated 
and contain glycogen and other secreted 
matenal 

Tlie utenne lininp is a mucous membrane named 
the endometrium (Fig 87) Its exposed siuface is 
covered vvith a single layered epithelium which dips 
inward at intervals to produce the tubular uterine 
glands Beneath the surface epithelium and between 
the glands is a soft, cellular connective tissue The 
appearance of the endometrium changes somewhat 
at different depths Nearest the utenne cavity is the compact layer through which pass the 
slender necks of the glands Next deeper is the thick spongy layer, charactenzed b> the 
dilated portions of the glands Deepest of all is the thm basal layer which contains the bhnd 
ends of the glands it does not portiapate to any extent in the glandular and other changes 
charactenstic of the menstrual cycle and pregnancy For this reason, the compact and 
spongy layers are often spoken of as the funcitonal layer of the endometrium 

IMPLANTATION 



Fig 87 — Vertical section of the 
human endometrium, with an im 
planted blastoc> st of eleven days (after 
Hertig and Rock) X 15 


Implantation includes the attachment of the blastocyst to the epi- 
thelial lining of the uterus the penetration of the blastocyst through the 
epithelium, and its embedding in the compact layer of the endometnum 
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after attachment began, is shown in Figures 6i , 87 and 90 B “ The original 
point of entry into the endometrium is sealed with a fibrinous and cellular 
plug known as the closing coagulum The processes of wound healing, 
already begun, will cause it to disappear in less than a week It is plain 
that a blastocyst is definitely onented during its penetration and afterward 
The side bearing the inner cell mass, or future embry o proper, is the surface 
that attaches, leads the way in penetration and lies deepest when implanta- 
tion IS completed Figure 90 C illustrates the internal appearance of a 
uterus, containing an implanted embryo of 17 days (ii days after attach- 
ment), at three-fifths natural size The site of implantation vanes some- 



Pig 91 —Atjpical implantation sites m tvottnn v 1 , Diagram m \ entral \ len ol the loci 
tions m which pregnancies m'j> occur i nbdommal 2 ovarnn 3 tubal 4 mttrstitnl 5, utenne 
B Tubal pregnmej with a window cut in the tubal w/att (X i) C Ovanan pregnincv (after 
Mall ami CuUen X D, Placenta prsevia at the cefMx of a hemisectcd uterus (X \) 

tthat, although it is usuallyat a high level m the uterus, and commonest 
(and tvith equal frequency) on either the front or back wall 

Anomalies — If the fertilized egg fails to reach the uterus, but implants and develops 
elsewhere, the condition is Ivnown as an e%tra utenne or cctopii. pregnancy (Pig 91 ,A) The 
commonest ectopic site 1 the utenne tube {tubal pregnancy, B) Pnmary attachment 
to the peritoneum {abdominal pregnancy) and the development of an une^pelled egg vwithin 
its ruptured follicle (orariou pregnancy, C) tue known also Continued ectopic growth 
to inatunt> is rarely achiev ed because of the unsuitability of the locations chosen and the 
madequaej of the placental aiTangcm«its developed at these sites Pregnant tubes fre- 
quently rupture m some instances the chorionic sac is expelled and secondarily becomes an 
abdominal pregnancy 

Occasionally the embryo locates m the right or left side of the uterus Still less fre- 
quently It implants near the neck of the uterus, so that the expanding placenta covers the 
cervical canal (Pig 91 Z 7 ) This latter condition is called placenta prenta he, placenta 
leading the way) 
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blastocyst uas composed of distinct cells, but the trophoblastic shell no;v 
consists of a relatively thin layer of such cells {cytoirophohlasi), next the 
cavity of the blastocyst, and a very thick pcnplicral layer (s)nirophoblasl) 



Tir 89 — Stages of impl'intiUon show n by sections (X 90) /I, 5 , Attachment of btistOCiSt 
and cpithcJiiI erosion in the monkey at nine “ind ten (tficr islocXi and Streeter) C, D 
Advnnce of humm bhstoc>8t through epithclnl gnp md mto uterine connective tissue at seven 
and nine dn> 5 (after Hcriig nnd Rock) CcJluhr trophobhst solid black s>’ncj’tial tronhoblast 
mottled black epitheltum, crosshitched connective tissue stippled 


Implanted embryo 



A B C 


Fio 90 — Imphntition sites of human cmbiyos in surface view A, At seven diys (Herttg 
and Rock X 8) c/ Fig 60 At eleven days (Hcrtig and Rock X 8) e/ Fig 61 C At fifteen 
days (after Ramsey X J) 

in which nuclei lie embedded in a common cytoplasmic mass (Fig 52) 
The cellular trophoblast is the parent tissue which produces the synctium 
by cell division, loss of cell membranes and change in cytoplasmic character 
The appearance of a completely implanted embryo, five to six days 
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endothelium, it does not proioke blood into clotting The utenne con- 
nective tissue in the vicinity of the young chononic sac is edematous and 
contains e\travasated blood 

Endometrial Erosion — The trophoblast is an invasive tissue which 
spreads penpherally into the maternal tissues Paralleling this invasion 
goes a certain amount of destruction of the endometrial tissues, this erosion 
IS characteristic of the border zone where trophoblast and endometrium 
meet Some dissolution is apparently related to inadequacies of the blood 
supply, similar to the necrosis that precedes menstruation Other destruc- 
tion IS due to trophoblastic influence (digestive enzyme?) The erosive 
processes are declining in intensity by the end of the third week At all 
times erosion is a mild process, under control 

Both the cellular and syncytial trophoblast have the capacity of 
ingesting maternal tissue, although most of this tissue has undergone a 
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Pic 93 — Stages in the projection of secondary mIIi from the chononic wall of an implanted em 
br>o of two weeks X about 100 


certain degree of necrosis before phagocytosis occurs Blood cells of all 
kinds and reticular fibers are the identifiable elements found most commonly 
uithin the young trophoblastic cells ^ In addition, there is granular and 
amorphous matenal in the process of digestion Such substance {histotroph) 
IS presumably utilized for nounshment in the early penod of establishment, 
as IS also blood plasma and tissue fluid 

The Chononic ViIli — The cellular trophoblast of the globular chononic 
sac tends to be single-layered, except where proliferation has produced 
local masses These masses extend a short distance into the plates and 
strands of syntrophoblast and indicate a first stage in the development of 
chononic vilh (Fig 93 A) Just as the cytotrophoblast differentiates the 
mesodermal lining (future connective tissue) of the chonon, so also it dif- 
ferentiates the core of \ ascular connective tissue v ithm villi ® ® At first 
this tissue IS only a stubby center at the base of a villus {B) but, as the 
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ESTABLISHMENT OF THE EMBRYO IN THE ENDOMETRIUM 

Even as the blastocyst is becoming implanted, its trophoblastic wall 
(t c , the future chonon) starts on a course of specialization uhtch will put 
it m intimate physiological relation u'lth the endometnum This is not a 
one-sided adjustment, since the maternal tissues, as well, adapt themselves 
to the new relations and demands Both sets of co-ordinated changes 
lead to the production of the spcaahzed placenta, which is the medium of 
phj siological interchange between the mother and fetus thrmighout the 
penod of pregnancy The implanted blastocyst is located supcificially in 
the endometnum (Fig 87) Although it expands greatly as development 
proceeds, it docs not actually encroach bc>ond the compact lajcr (Fig 95) 
Trophoblastic Lacunie — A prominent feature of the sync>tuim is the 
appearance w ithin it of vacuoles which merge and produce irregular cavities, 
or lacniiis (Figs 89 D and 92) ‘ Tins process produces a communicating 


Cylotrophoblasl 
Ckartcntc ecvtly 

Chortome mtsoietm 
Synitophohlati 

Tio 93 — Trophobl at trophobhstic hcunac ind a tapped capiihr> from a section of the implant 
mg sac of a human cmbr>o of eleven dajs (Hertig and Rock) X 350 

lab>nnth which adds to itself progressively by incorporating new lacunaj 
as fast as the> appear in the growing, expanding svncj'tmm This s>stem 
of channels, which gives the trophoblast its spongy texture, is the beginning 
of the future tnUmllous space of the placenta In the week following im- 
plantation this labjnnth becomes well developed 

Vascular Relations — Connections are quid ly established between the 
trophoblastic lacunze and the utenne blood vessels (Fig 92) Although 
some minute branches of the spiral artenoles are tapped, the chief com- 
munications dunng this early penod are with enlarged capillaries, which 
connect artenoles and venules, and with the venules themselves ® Withm 
a week after implantation there are prominent sinus-like venules beneath 
the embedded sac At first the blood withm the trophoblastic lacun® is 
small in amount and relatively stagnant Later the number of vessels 
coming directly from artenoles increases and the flow of blood improves 
(Fig 9S) An outstanding charactwistic of all trophoblast is that, like 
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artenes and veins) pass from the embryo through the body stalk to the 
connective tissue of the chonon, and then extend into the chorionic vilh 
This vasculanzed connective tissue of the chonon and its vdh is eveiywhere 
covered with trophoblast, which consists of an inner cellular layer and an 
outer, or superficial, syncytial layer Trophoblast also forms a carpet 
over the eroded surface of the endometnum and receives the ends of many 
villous branches All this trophoblast bounds the iniemllous space as a 
complete, common lining In these labynnthine channels maternal blood 
circulates and bathes the villi The passage of nutntive substances from 
the circulating blood of the mother to that of the fetus within the vessels 
of the villi IS often spoken of as hctmlrophtc miirtUon It is contrasted with 
the early Instotrophtc nuintion in which the damaged maternal tissues, 
extravasated blood and the stagnant blood in the trophoblastic lacunaj are 
taken up by the trophoblast 

The fetal-maternal relations during the fourth week are illustrated 
in Figure 95 By this time the setting is complete for the establishment of 
a definite placenta, but its history and detailed structure must be postponed 
until the endometnum as a whole in pregnancy has been desenbed 

THE DECIDUAL MEMBRANES 

The mucosal lining (endometnum) of the uterus, already altered in 
anticipation of pregnancy and utilized as a nesting place by the implanting 
embryo, rapidly acquires the characteristics of pregnancy and then persists 
throughout the gestation penod Naturally enough, the greatest isturb- 
ance of natural relations occurs in the part of the endometnum where the 
embryo lies Yet the remainder of the membrane becomes involved after 
a time and then expenences characteristic alterations as well 

The fusions that take place between the entire endometnum and the 
expanding chonon (which eventually comes in contact with it ever5rwhere) 
lead to a general splitting off of the utenne lining at birth The mucosa 
of the pregnant uterus is, therefore, named the dcadita {t c , that which 
falls off) Its preparation for pregnancy, the long deferred loss at delivery 
and the subsequent repair after childbirth extend and exaggerate the 
events of an ordinary menstrual (^cle The decidual membranes are 
actually a direct continuation and further elaboration of the premenstrual 
(also called ‘progravid’) type of mucosa 

Even when the early chononic sac lies embedded within the endo- 
metnum, three regions of this thickened membrane can be recognized 
(Figs g6 and 97) (i) The decidiia partetahs, the general lining of the 
uterus exclusive of the region occupied by the embryo (2) The decidua 
capsulans, a region covenng the chononic sac and interposed between the 
sac and the utenne cavity (3) The decidua basalts, a region underisnng 
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panciahs is descnptively preferable (Fig 97) The compact Ia\er becomes 
thick. It contains the narrower segments of the uterine glands, embedded 
in large quantities of decidual cells Its surface epithelium has usuallj dis- 
appeared by the end of the third month, at which time contact with the 
expanding decidua capsulans takes place The spong> la>er is character- 
ized for a while bj the enlarged and sacculated portions of the utenne glands, 
earned over from their prograxnd state 

For the first tv,o months of gestition the long axes of the utenne glands stand xerticallj 
with respect to the rrucosa Liter, is the pinelal decidua is stretched (through expansion 
of the uterus) and compressed (through growth of the sac contiinmg the fetus), the glands 
broaden and their cinties become elongate clefts parallel to the surface (Fig 99) The penod 




Fic 98 — GraMd uten hemisectcd to show the obliteration of the utenne emtj A At 
three months (X 1) B At se\en months fetus remoeed and flaps of the amnion ind chonon cut 
and reflected (X i) 

of grow th and thickening of the deadua panelahs is limited to the first three or foiu- months 
of pregnanc\, dunng which time it attains 1 maximum thickness of about one half inch 
Later it becomes thinner, loses much ot its earlj Msculantj and exhibits ictinl regressive 
changes The utenne cervix does not elaborate a deadua its glands, however, do enlarge 
and secrete a mucous plug which closes the uterus dunng the penod of gestation (Ftg gS 1) 

The Decidua Capsulans — The superficial portion of the compact 
endometnum that onginally covers the chononic sac and faces the utenne 
ca\it> IS the dcaatia capsulans Growth of the sac causes the capsulans 
to elevate into a progressively expanding dome (Fig 96) In the earlier 
stages of pregnancy blood vessels and some glandular traces occur in the 
substance of this layer, while its surface epithelium is continuous with that 
of the decidua panetahs As the chononic sac expands, the capsulans 
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the chononic sac and situated between it and the muscular wall of the 
uterus 

The decidua panctalis, a membrane not directly involved m lodging 
the embryo, is at first a typical, undisturbed part of the endometrium of 



Fig 96 — ’Clcvationof thcluiminilccKluicapsuInn^bythceTP'tndinuchonontc VIC /i Atncarlj 
( four weeks (X i),iJ at ten necks (X !) 



Fig 97 — Gravid human uterus of five weeks, 
hemisected to show the decidual relations X * 


the thickness of young deciduas, as a result, 
charactenstically (Fig 96 A) The full sigi 


pregnancy Quite different arc the 
other two decidual membranes 
Since the chononic sac separates the 
decidua capsuinns from the decidua 
basalis, neither of these two mem- 
branes contains all the levels of the 
typical endometnum 

Mention has been made prenousb of 
the distmctite vascular and glandular spe 
cializilions that the endometnum builds 
up in preparation for pregnanc> Another 
conspicuous specialization is the deadual 
cells These are greatly enlarged connec- 
tive tissue cells which occur chiefly m the 
compact lajer (Fig 99) Their course of 
specialization begins dunng implantation 
and, although declimng in size and num 
bers, they remain throughout pregnancj 
as characteristic constituents of the dead 
ure The decidual cells are large, rounded 
elements which store gl>cogen and may 
contain more than one nucleus Their size 
and proliferative increase help account for 
surface of the early decidua panetahs folds 
tnee of the decidual cells is not understood 


The Decidua Panetahs • — The general, nonplacental lining of the 
gravid uterus has long been called the deetdua vera, but the term decidua 
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Iab>nnthine intervillous apace, and a decidua basalis ^vith blood vessels 
that suppl> the intervillous space 

The human placenta is discoid in shape, and this form is determined by 
the final distribution of vilh on the chonomc sac In the early neeks the 
\ilh cover uniformly the entire surface of -the chonon and reach looo in 
number But nith continued growth of the chonomc sac, the \illi next 
the stretched decidua capsulans become compressed and their lasculanty 
IS reduced Atrophj produces a perceptibly bare polar spot at two months 
(Fig 100 A), while in the fourth month about half of the chonon is naked 
The area of chonon lacking in vilh is called the chonon Itne (j e , smooth 
chonon) The vilh associated with the decidua basalis, on the other hand, 
persist and give the name chonon jrondosttm (t c , bushy chonon) to this 
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Fjo ioo —H uman chonomc \esicle at nine weeks A Entire “ac showing the earl> distinction 
between the chonon l$'e and frondosum (X i) B Detail of a chonomc 'illus (X 7) 

deeper portion of the sac The area of persistent vilh is normally some- 
what circular in form so the human placenta naturally takes the shape of 
a disc Since the umbilical cord passes from the embryo to the deeper, 
now frondose portion of the chonon. it follows that when this latter region 
becomes a part of the placenta the cord then attaches to its fetal side 
and usually near the midpoint 

No adequate conception of the placenta is possible without a clear 
recognition ot its double ongin The chonon frondosum (both the mem- 
brane and Its vilh) is the fetal portion while the decidua basalis (t e , mostly 
the remains of the eroded and altered stratum compactum) is the maternal 
contnbution (Fig g-j) The intervillous space, which to a large degree 
separates these two components, is an expansion of the cavities ansmg 
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grows thin and atrophic (Fig qq A) At the end of the third month its 
full surface comes into contact with the decidua panctalis with which it 
fuses, thereby obliterating the utenne cavity (Fig 98) Dunng the next 
three months the capsulans degenerates and disappears, this leaves the, 
chonon free to become adherent to the decidua panctalis for the remainder 
of pregnancy (Fig 99 B) Long before this, the amnion has fused loosely 
with the chonon At term the combined thickness of all these membranes 
has reduced to 2 mm or less 

With the obliteration of the uterine cavity at three months, the only 
cavity within the uterus for the remainder of pregnancy is that of the 
amniotic sac (Fig 107) 



Fig gg — Vertical sections through the wall of the gra\'id uterus < 4 , In the third month be 
fore the obliteration of the utenne cavity (X i8) B At se\en months, obliteration long com 
pleted (X 24) 


The Decidua Basalis — ^At the site of implantation the chonon lies 
upon a deeper part of the compact layer, beneath which is the spongiosa 
(Fig 95) These two endometnal components specialize in pregnancy as 
the decidua basalts On the whole, the changes in this portion of the deaduas 
parallel those of the panetalis, but the basalis continues until birth as a 
component of the important placenta 


THE PLACENTA 

The first steps leading to the development of a placenta have already 
been desenbed These mclude the development of chonomc villi and a 
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lab>nnthine intervillous apace, and a decidua basalis with blood vessels 
that supply the intervillous space 

The human placenta is discoid in shape, and this form is determined by 
the final distnbution of vilh on the chononic sac In the early neeks the 
villi cover uniformly the entire surface of the chonon and reach 1000 in 
number But with continued growth of the chononic sac, the villi next 
the stretched decidua capsulans become compressed and their vasculanty 
IS reduced Atrophy produces a perceptibly bare polar spot at two months 
(Fig 100 A), while in the fourth month about half of the chonon is naked 
The area of chonon lacking in villi is called the chonon l(cie e , smooth 
chonon) The villi associated with the decidua basalis, on the other hand, 
persist and give the name chonon jrondosiim c , bushy chonon) to this 
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Pic ioo — Human chononic \esifle at nine weeks A Entire mc showing the earl> distinction 
between the chonon la»\e and frondosum (X i> B, Detail ol a chononu \jhus (X 7) 

deeper portion of the sac The area of persistent villi is normally some- 
what circular in form, so the human placenta naturally takes the shape of 
a disc Since the umbilical cord passes from the embryo to the deeper, 
now frondose portion of the chonon it follows that when this latter region 
becomes a part of the placenta the cord then attaches to its fetal side 
and usually near the midpoint 

No adequate conception of the placenta is possible without a clear 
recognition of its double ongin The chonon frondosum (both the mem- 
bmne and its vilh) is the fetal portion, while the decidua basalis (i e , mostly 
t e remains of the eroded and altered stratum compactum) is the maternal 
contn ution (Fig gy) 'pjig mterviUous space, which to a large degree 
separates these two components, is an expansior' of the cavities ansing 
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within the early chonontc trophoblist 'I he Rcneral plan of the placenta 
IS that of two parallel plates (the chononic membrane and the decidua 
basahs) between ^\hlch is a blootl sinus (the intervillous space) containing 
an enonnous number of branches belonKinR to the chononic \illi In the 
paragraphs that follow, these components will be dcscnlicd in detail 

The Fetal Placenta --'1 he chononic membrane of the pi iccntal region 
comes to be known as the chonomc plaU (I'lg loi) The surface hordenng 
the intervillous space is covered with trophoblast which has a histor) like 
that presently to be desenbed for the chononic villi Dunng the last half 
of pregnancy it is replaced largely by fibnnoul matenal Beneath the 
trophoblast there is a la> er of connective tissue v\ hicli contains blood vessels 
radiating from the umbihc il cord T host belong to the umbilical (allantoic) 
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FiG loi — Di kgr imm itu fewtion IhrcniRh an carl> hurmn phctnta (Bryce >n Gn' ) 


system of vessels and the chononic plate distnbutes them to the villi At 
the end of the second month the expanding amnion comes everywhere 
into contact with the chonon The ensuing fusion m the placental area 
causes the amnion to attach to the fetal surface of the placenta and this 
relation persists throughout pregnancy (Fig 98 B) 

The chononic vtlh are the most important part of the placenta because 
the> furnish the means by which all interchanges take place between the 
mother and fetus The early viIli are compact, bush like tufts with but 
few branches, and these are short and plump Their mam stems anse 
from the chononic membrane and almost all of the ends {anchoring zillt) 
attach to the exposed surface of the compact decidua basahs Side branch- 
ing begins in the second month and produces many free vtlh as well (Figs 



THE PLVCCNTA 


131 


95, 100 B and loi) Dunng the middle and later months of pregnancy the 
viUi become much more trec-hke, arborizing profusely and ha\ing longer 
and slenderer branches (Fig 105) Fusions with the decidua basalis make 
some of the branches seem to anse from that layer All the villi are con- 
tained within the huge blood sinus which is the 
intervillous space 

All parts of the villous tree have the same 
structural plan (Figs loi to 103) At the cen- 
ter is a connectu e- tissue core, which contains 
among other cell types some special large cells 
(ofHofbauer) apparently phagocytic m function 
Embedded in this tissue are commonly one or 
two artcnoles and venules These taper to 
enlarged capillanes which continue to the villous 
tips where they complete a continuous system 
of closed vessels After the second month more 
and more of the capillanes come to lie close 
beneath the surface trophoblast which here is Fu 102 — Tip of n m-uure 
thinned locilly The connective-tissuc core is chonomc mHus mjcctpd to shoiv 
covered rMth a double layer of trophoblast 

_ , , (blick) and \enoub (grajJ \es 

inside, ne\t the connective tissue is the cy/o* seis x 150 
troplwbh'it with its separate cuboidal cells 

sharply defined, it is also known as the layer of Langhans This cel- 
lular layer gives nse to syncytium, the s^ntrophoblast which cov^ers the 




Fig 103 Hum^n diononic Mill m sectiim X =65 il In the eorlj MeeU ot preg 

nanc> B, at full term 


vtlli externally During the first third of pregnancy the cytotrophoblast 
of he iilh IS almost completely used up in the forming of syncytium In 
becomes progressively scarcer and more inter- 
pted until finally the syncytial trophoblast is the only epithelial covering 
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of the v:lli (Fig 103 B) The free surfnee of the sync>tium often bears a 
striated border like that of certain other absorptive cpithcha At intervals 
along the older vilh {li) the synctiam aggregates into distinct protuberances 
with numerous nuclei, these arc the syncytial knots, charactenstic of this 
layer but of unknown significance 
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Fig 104 — Gravid human uterus in section A, Hemisection, with a mature placenta tn 
Situ 3 , Vertical section, at seven months (Minot, X 3 5), the area shown corresponds to the 
rectangle in A 

The temtory of a rapidly enlarging villous tree is in time marked off 
by thin placental septa into a distinctive lobule known as a cotyledon Each 
cotyledon is a natural unit since it contains (besides several minor, free 
villous trees) a mam villous tree which distnbutes its branches and titngs 
throughout that particular lobule (Fig 105) In all there are some twenty 
cotyledons, incompletely separated by the thin partitions The placental 
septa have been described as folds of the decidua,^* but it is now believed 
that they are of trophoblastic ongin « 
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Repre^nted in >oung stages and increastnglj abundant in older placentas are irregular 
masses of stamable substance knou n a&jihrtnotd malcrtal It occurs as incomplete layers m 
the chonon and decidua basabs and as irregular patches on the mUi (Fig 103 B) This 
peculiar matenal has a complete origin to which degenerating decidua and trophoblast 
contribute 

The inteiMllous space belongs bv ongin to the fetal part of the placenta (p 122), e\en 
though it IS occupied bj maternal blood Tor a tune the entire sinus is lined n ith trophoblast, 
later some of the lining becomes replaced bj fibnnoid matenal Although greatlj choked 
will and subdiwded incompletely b> septa, the space still represents half of the lolume 
of the total placenta At the penplicry of the placenta there is a specialized part of the 
mtenallous space This villus free channel is the iitargtital siiius which encircles the placenta 
mcompletelj , but plaj s a prominent r61e in collecting blood from the mam space (Fig 105) 



Fig 105 ' — Diagram of the circulation of fetal and mitcmal blood through the human pheenta 
(After Spanner from Weatherford Textbook of Histologj The Blakiston Co ) 

The Maternal Placenta — The decidua basalis, as the maternal con- 
tribution to the placenta, contains representatives of both the compact and 
the spongy layer of the progra\id endometnum (Fig 104) The glands of 
the spongiosa become stretched into clefts by the third month, but there 
seems to be much vanability in their size, shape and even m their persistence 
during the later months The part of the decidua basalis that is most 
intimately incorporated into the placenta is the basal plate, m part this is 
merely another name for the i»tratum compactum of this region The basal 
plate IS composed of a connective-tissue stroma containing decidual cells, 
fibnnoid matenal and portions of trophoblast onginally belonging either 
to anchonng villi or to the so-called basal ectoderm The latter layer is the 
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residue of the peripheral shell of trophoblast that made junction with the 
eroded endometrium (Fig loi) The basal ectoderm covers the basal 
plate, it decreases in amount as pregnancy continues and at term has a 
discontinuous distnbution 

The blood supply of the intervillous space is indicated in Figure 105 
Ihe spiralling utenne arteries pass through the biasal plate obliquely, losing 
their accessory coats as they proceed They open by slender nozzles mto 
the intervillous space, many to a lobule Abundant, wide veins dram the 
more marginal lobules and the marginal sinus, but the central lobules seem 
to lack all venous connections ** 

Growth and Maturity — Growth of the fetus is roughly paralleled b} 
the enlargement of the uterus and placenta The placenta continues to 
increase in size throughout pregnancy and after the second month it oc- 
cupies about 30 per cent of the internal surface of the uterus ‘‘ The method 
by which growth in diameter is accomplished is not well understood In- 


A B C 

Fig 106 — Anormlous phcentis A Bilobcd pheenn 5 rnnin ancj iccessorj pheenta C fused 
pheentas of ordinary twins 

crease in thickness, resulting chiefly from the elongation of villi, is com- 
pleted at four months 

The mature placenta makes a prominent, arcular patch upon the 
interior of the greatly enlarged uterus (Fig 107) Most of its bulk is due to 
chorionic villi and blood m the intervillous space (Fig 104) WTien cut 
into, the organ is dark red and spongy It shows various indications of 
degenerative changes, and some claim that at term the placenta is neanng 
the end of its functional capacity both because of these alterations and 
because the trophoblast has lived out its normal life span “ The increasing 
occurrence of fibnnoid substance in older specimens has been mentioned 
(p 133) > presence on villi decreases their absorptive surface, and when 
aggregated constitutes ithtte infarcts Red infarcts, caused by massive 
coagulation of blood in the intervillous spac«, also are characteristic 

Aaomalies — ^The umbilical cord may attadi atypically to the placenta (Fig 84) De- 
parture from a circular shape by the placenta is quite common, rangmg from an oval contour 
to other variant forms (t e , spindle pear heart crescent nng) which are more rarely en- 
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countered The placenta may be notched, lobed or even divided completelj (Fig 106 /I) 
Occasionally there are one or more accessory placentas, of smaller size than the mam pla- 
centa ( 5 ) All such specimens are referable either to irregulanties in the shape or grouth 
of the chonon frondosum or to the persistence and independent dev elopment of more than 
one patch of chononic villi Fused placentas result when ordinary twins become too closely 
implanted (C) 

PHYSIOLOGY OF THE PLACENTA 

The blood of the fetus and that of the mother circulate independently 
in totally separate channels, and all interchanges are by diffusion Fetal 
blood IS pumped into the umbilical artery in the umbilical cord and is 
distnbuted by way of the chononic plate to the villi (Fig 105) After 
passing through the capillary mesh of the viIIi, the blood returns to the 
fetus in the umbilical veins Each cotyledon, or lobule, of the placenta 
contains a mam villous trunk which e\tcnds to the basal plate Most of 
its branches are said to dip toward this compact layer of the decidua basalis 
and then to recurv'e backward toward the chononic plate The arrange- 
ment IS somewhat like that of an old-fashioned candelabra and this is the 
course taken also by the vessels wathm the villous tree 

Alatemal blood enters a cot> ledon through the spiral, terminal branches 
of the utenne artencs (Fig 105) Their numerous, tiny nozzles open 
directly into the intervillous space Blood flows past the branches and 
twigs of the villoub tree and is kept within the cotyledon by the placental 
septa which separate the cotyledons Gaining the region just beneath the 
chononic plate which is relativcl> free of \ilh, the now impure blood passes 
in a penpheral direction to the margin of the placenta where it is drained 
away by the plentiful branches of the utenne veins located there The 
force that propels the blood through the cavernous space of the placenta is 
not surely known There are difficulties in the way of understanding how 
the maternal blood pressure can move the large lake of blood that fills the 
clogged intervillous space An alternative suggestion is that contraction 
of smooth muscle in the uterus, chonon and villous trunks is the effective 
agency in squeezing the placenta and thus promoting a flow of blood “ 
Exact information also lacks concerning the rate of flow Many believe 
It IS slow, if not semistagnant by ordinary circulatory standards This 
might be favorable for some of the activities taking place at the bamer 
membrane between the maternal and fetal blood On the other hand, 
there are penalties (c g coagulation, obstruction, infarct formation) which 
attend such sluggishness In fact, this handicapping may be so severe 
that the placenta can scarcely fulfill its normal functions toward the end 
of pregnancy 

The complete separation of the fetal and maternal circulations is something like that of 
the blood of the hand (, c , the vnllous tree) and a bowl of water (1 c , the intervillous space) m 
which the hand is immersed A more precise comparison is furnished by the relation of the 
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mtcstin'il \iUi to the fluid content of the Rut dunng difjcition In neither chononic nor 
intestinil vilh is there direct enntnet or mixture bcU ecn the extern il fluid m^x3 and the 
blood within the Nessch of tlic \illi Their onl> coinmunicnlion i'? through diffuiivc inter 
chanRC In the phccnti the tmphoblastic «>vcnnR of the \iliiis, the connective tissue 
Stroma and the endothelium of its capillaries all intervene to scjnntc the fetal and maternal 
blood streams As prtfjnancy advances, there is marked thmninp of this barrier, this is 
correlated witli an increase m pcrmeal)tht> '• 

Niitntue substances, inorpamc salts and ox>t,cn pass from the mother’s blood to the 
fetus, whereas the gaseous and fluid waste product*, of fetal metabolism arc transferred m 
the opposite direction The trophoblast is the livanR membrane that is chiefly imiwrtant 
jn these interchanges, both ns rcgarfls pcrmcabitit> and barrier functions To a considerable 
degree it acts like an ordinary scmipcrmcable membrane, and the distnbiition of substanctsj 
between mother and fetus is governed b> the pli> steal laws of difTusion In this process 
the size of the molecule is a determining factor Cases, the mineral salts of the bod>, simple 
sugars such as dextrose, and waste jmKlucts such as urea all pass through by diffusion These 
arc examples of substances of rc 1 ati\cl> small molecular size in solution But other dissolved 
substances fail to be transmitted if their molecules arc too large For example, blood proteins 
wath large molecular structure ma> not enter tlic villi as such, but arc first broken dowai 
into simpler products, such as amino acids, of smaller molecular sire This requires a re 
building by the embrjo of its more complex protems from these transferable components 
Fats are not soluble m w ater and do not pass the bamer as such The) arc split into trans 
ferable substances and rebuilt by the fetus There has been much debate xs to whether the 
trophoblast, besides acting as a physical membrane, also exerts some selective regulation 
over what passes, like that occurring m glandular secretion There arc some evidcnees of 
such V ital control winch suggest that simple ph>'sical processes arc not the on!) mechanisms 
involved in the passage of substances from mother to fetus 

Since the placenta is impermeable to particulate matter even of ultrarmcroscopic sire, 
it serves as an efTiaent bamer agamat the transnu-ssion of bactena The rare eases of fetal 
disease of bacterial ongm are bchcvcil to result from in;urj to the placenta B) contrast 
the viruses of smallpox and some other diseases pass readily, as do antibodies such as diph 
thena antitoxin and the Rh agglutinins 

Among the activities of the placenta can be mentioned the production and secretion of 
hormones, the ability to synthesize certain fooiRiufTi and theempIo)inent of enzjines located 
there Nerves are complelelv lacking in the chonon and its viIIi There is no possibility of 
maternal impressions’ affecting an unborn babe The total absorbing surface of the 
chonomc villi at the end of pregnancy is calculated to be 125 square feet This is fifty 
times the surface area of the skin of a newborn 

PARTURITION 

Dunng pregnancy the uterus enlarges into a huge sac whose muscular 
coat increases in bulk some twenty-four fold and whose capacity becomes 
over 4000 G c By the sixth month the upper end of the uterus has reached 
the level of the navel, and at the end of pregnancy it is not far below the 
breast bone The fetus assumes the characteristic attitude illustrated in 
Figure 107 At the time of birth the head is commonest directed down- 
ward, but the buttocks may be presented first or the baby may even he 
crosswise 

Delivery — Childbirth or parturition occurs on the average at the 
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Fto 108 — Separation o{ dectdus after childbirth A Placental detichment by means of escapin? 

blood B Partially separated decidua panctalis m vertical section (Broman, X S) 

membrane results from the fusion of the several components that led to the 
obliteration of the utenne and chononic cavities (p 128) Its constituent 
parts from within outward, are (i) the nonplacental ammon, (2) the 
chonon Iceve, (3) the decidua capsulans (no longer recognizable), (4) the 
decidua panetalis The cast-off placenta shows an amniotic or fetal sur- 
face, and a utenne or maternal surface The fetal surface was pnmanly 
chonomc but hke the other decidua, it is now covered with smooth, glisten- 
ing adherent amnion Usually near but not quite at the center of the fetal 
surface is attached the umbilical cord, already described at length (p m) 
The tom, maternal surface of the placenta is irregularly rough reddish 
gray in color and bears blood dots It exhibits incomplete lobular areas 
which correspond to the cotyledons 
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Anomalies —Childbirth may be earij or late by as much as fifty days, but most of the 
apparent rvide departures from the average duration of pregnancj are due to miscalculations 
The termination of pregnanci at still >ounger stages, n hen the fetus ib not viable, is desig- 
nated an aboriton or miscarriage It probably occurs m at least 20 per cent of all pregnancies 




A 


Fio 10^ ■^-Mature human placenta and it:> associated membranes after expulsion X i A, Fetal 
surface 5 quadrant of the maternal surface 
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Fig no— Aborted fetuses mtbin intact membranes A At tno months the castoff de- 
aduffl composing the external tumc (X 1 ) At four months (X 1 ) the placental area, showing 

cotyledons, is below 

Abortion ma> follow as a natural consequence upon the death of the fetus through poor 
placentation or disease these factors, and others, may induce bleeding and uterine contrac 
tions, and thus cause the detachment of a living fetus Sometimes the aborted decidu® are 
disclmrged as a whole, and m younger specimens they may retain the shape of the utenne 
cavitj (Fig no) 




IMPORTANT FACTS CONCERNING HUMAN DECIDUA AND FETAL MEMBRANES 
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CHAPTER Vlir 


REPRODUCTIVE CYaES AND THEIR HORMONAL CONTROL 

Previous chapters have dcscnl)cd the pcnoclic matunng of eggs and 
their reception 1)3' the well prepared uterus The purfiosc of the present 
chapter is to examine the mcclnmsms bj' which these and other co-ordi 
nated reproductive phenomena arc controlled 

REPRODUCTIVE CYCLES 

Penodic breeding among animals and j)lants is familiar to everjone 
The egg-laying cycle v ancs from the daily regularity of the hen to the seven- 
teen-year penodicity of a locust Many animals and plants time their 
breeding with respect to the seasons in order to take advantage of favorable 
temperature and food for their young Somewhat similar js the annual 
breeding of many wild mammals it is so timed that the young are bom 
when food is abundant for the mother Some manne forms have therr 
reproductive cycles tuned to the tides and even to definite phases of the 
moon Other animals, freed of such seasonal, tidal or lunar influences 
are nonetheless cyclic, and this is tnic of vanous domesticated mammals 
and of pnmates The reproductive rhy thm of female rats and mice repeats 
at intervals of five days, the guinea pig, every 15 days, the sow, mare and 
cow, every three weeks, the monkey and human, every four weeks, the 
chimpanzee, every five weeks, the cat and dog, twnce or thnee a year In 
mammals that breed once annually the testes exhibit a penod of activity 
and a long interval of inactivity dunng which sperm production ceases and 
the testes decrease greatly in size In domesticated mammals and pnmates 
spermatogenesis is continuous but the individual testis tubules exhibit 
wave-hke cycles of activity 

The Estrous Cycle —Among mammals other than pnmates, the recur- 
nng penods of sexual excitement in the adult female are known as ‘heat ' 
The biological term is estrits, and the correlated phenomena of the repro- 
ductive system from one penod of estrus to the next make up the estrous 
cycle These events can be understood better by recountmg what takes 
place dunng the typical cycle of a specific mammal, the sow For 18 days 
she follows her ordinary routme and shows no interest in the boar But 
dunng the next three days she becomes restless and sexually excited If a 
boar IS present, he is accepted, the mating normally results in pregnancy, 
whereupon the cycles cease until after the young are bom If there xs no 
142 
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mating, or an infertile one, the cycles continue at the usual inten'-als of 
three weeks throughout the year 

Examination of the ovanes of the sow on different days of the c>cle 
shows that a definite senes of events takes place (Fig iii) Dunng the 
da>s of sexual inactivity, known as the dtestrus, the o\anan follicles are 
all small About two days before estrus numerous follicles begin to grow, 
and on the first day of estrus there are large vesicular follicles with matunng 
eggs Late in the second daj of estrus the follicles rupture, expel the eggs 
and straightway begin to transform into corpora lutea These structures 
attain full development by the seventh day after ovulation If the eggs 
are not fertilized, the corpora lutta retain their functional state for seven 
more days and then begin to degenerate While degeneration is still in 
progress the development of a new crop of follicles is under way and the 
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. Estrous cycle - 
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^Merntruftl cycle - 
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Fig III — DugrAm shomng the correlation of events in the ovanan follicle in the endometnum 
of mammals below pnmates and in the hum m endometnum (partl> after Comer) 


cycle repeats If the eggs are fertilized, the corpora lutea continue on 
into pregnanc} and the cycles cease 

Examination of the uterus dunng a cycle reveals another regular 
sequence of events (Fig in) Dunng the growth and npening of the 
ovarian follicles there is growth and change m the endometnum Dunng 
the penod of the developing and mature corpus luteum the endometnum 
specializes further in a way that will fit it for pregnancy If the eggs are 
not fertilized, the endometnum returns to its ongmal condition as the 
corpora lutea decline, only to repeat the whole senes of changes in the next 
cycle If the eggs are fertilized, the endometnum retains its speciali2ed 
state which is both favorable to pregnancy and necessary for its occurrence 
These several phenomena are all co-ordinated in perfect timing The 
eggs are matured just when the sow becomes sexually excited and receptive 
to the boar, this ensures fertilization and earlj development The uterus 
IS prepared at the nght time to receive and nounsh the embty o , this ensures 
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continued development If pregnancy occurs, the cyclic happenings are 
suppressed and favorable ovanan and utenne states arc retained, if it does 
not occur, the cycle repeats again and again 

The conditions CMsting in the sow illustrate the fundamental plan of 
the cycle among mammals There are minor pcculianties in each mam- 
malian type, and there arc also major variations For example, a few 
animals, such as the cat, npen follicles in every cycle, but the follicles do 
not burst unless mating occurs The rabbit exceeds this by not even ripen- 
ing its follicles in the absence of mating, thus it remains in a state of pro- 
longed estrus 

The Menstrual Cycle -—The greatest departure from the basic plan of 
the mammalian reproductive cycle is found in man, apes and the higher 
monkeys In these forms the pcnodic growth of the follicle and corpus 
luteum IS quite typical, as are the correlated changes m the endometnum 
But an outstanding peculianty is that the regression of the corpus luteum, 
about two weeks after ovulation, is accompanied by a destructive break- 
down of the endometnum with hemorrhage This pcnodic loss of tissue 
and blood is inatsiruatton (Fig iii) It is the most conspicuous feature 
of the cycle and it has no counterpart in lower mammals Since, however, 
the estrous cycle of lower mammals has an equally prominent event, estrus, 
dunng which ovmlation occurs, it was natural to think that the two happen- 
ings are similar and that ov ulation in the higher pnmates occurs at the time 
of menstruation Only in recent years have these errors been corrected 

The human cycle averages about 28 days in length, but some indi- 
viduals run to shorter cycles and others to longer ones There is a popular 
impression that the cycle is normallv regular, but this is far from the truth 
If two-thirds of all the cycles of any individual keep within a range of four 
to SIX days about her average, it is as good a performance as can be ex- 
pected ^ No instance of perfect regulanty for an> considerable penod of 
time has ever been reported In view of the biological mechanism (hor- 
mones) that controls the menstrual cycle no such case is to be expected 

The events of a menstrual cycle can be described as occumng in four 
stages (Fig 112) These phases are timed from the start of visible flow, 
which counts as day one Former accounts of the cycle have been modified 
considerably,^ partly because of direct observations made on pieces of endo- 
metnum grafted onto the ins of the eye of the monkey and viewed through 
the transparent cornea ® 

I Repair (days 5-6) Dunng the five days of actual menstruation 
the compact layer and most of the spongy layer are lost by sloughing But 
even before all bleeding has ceased, epithelial cells begin to leave the 
remnants of the glands located in the basal and spongy layers These 
cells glide over the denuded surface and epithelize it anew 
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2 proliferation (days 7-15) This phase completes and extends the 
postmenstrual repair It coincides ^Mth the growth of a new set of follicles 
in the ovary The glands proliferate, lengthen rapidly and produce a thin 
secretion Connective-tissue cells also multiply and differentiate a new 
mesh of reticular fibers The endometrium increases from i mm in thick- 
ness to 2 mm or more 

3 Secretion (days 16-28) Another term is the progestational stage 
It parallels the growth and functional life of the corpus luteum Although 
the glands no longer proliferate, they elongate further, swell and become 
tortuous (Fig 87) Throughout much of their length the> show saccula- 
tions, distended with a thicker mucoid secretion nch in glycogen Peculiar 
spiral artenoles, continuing their upward growth, break up into capillanes 
that supply the superficial two- thirds of the endometnum, the basal one- 
third IS supplied by ordinary , straight branches of the utenne artenes Bv 



Fig 112 — Gnphic presentation of the rehtions existing between human ovulation, menstruation 
and pregmnf-y (modified after Schroder) 

the end of this penod the endometnum has doubled its previous thickness, 
due largely to the increase of secretion and to edema fluid 

4 Menstruation (days 1-5) Hours before the onset of active menstrua- 
tion, the spiral artenoles constnet one by one and cause the endometnum 
to blanch Accompanying this local anemia the mucosa shnnks and death 
of the blood-depnved tissues follows At times the spiral artenoles relax 
locally, blood escapes from the injured vessels, and sooner or later this 
non-coagulating blood discharges into the cavity of the uterus Fragments 
of the disintegrating endometnum slough away down through the levels 
supplied by the spiral artenoles 

Anoiiilatory Cycles — At times the ovanan follicle fails to rupture and expel its egg In 
this ev ent there is, of course, no corpus luteum and no secretory phase of endometnal up- 
building Yet menstruation follows the ending of the prohferatue phase It r typical m 
all respects except that it occurs m an endometnum brought only through the proliferative 
stage Such menstruation without ovulation occurs most frequently in girls beginning their 
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continued development If pregnancy occur?, the cyclic happenings are 
suppressed and favorable ovarian and utcnnc states arc retained, if it does 
not occur, the cycle repeats again and again 

The conditions existing in the sow illustrate the fundamental plan of 
the cycle among mammals There are minor pccuhantics m each mam- 
malian type, and there arc also major vanations For example, a feiv 
animals, such as the cat, npen follicles in every cycle, but the follicles do 
not burst unless mating occurs The rabbit exceeds this by not even ripen- 
ing its follicles in the absence of mating, thus it remains in a state of pro- 
longed estnis 

The Menstrual Cycle —-The greatest departure from the basic plan of 
the mammalian reproductive cycle is found in man, apes and the higher 
monkeys In these forms the periodic growth of the follicle and corpus 
luteum IS quite typical, as arc the correlated changes m the endometnum 
But an outstanding pcculianty is that the regression of the corpus luteum, 
about two weeks after ovulation, is accompanied by a destructne break- 
down of the endometnum wath hemorrhage This pcnodic loss of tissue 
and blood is ntcnsirualwn (Fig iii) It is the most conspicuous feature 
of the cycle and it has no counterpart in lower mammals Since, however, 
the estrous cy cle of lower mammals has an equally prominent c\ ent, cstrus 
dunng which ovulation occurs, it w'as natural to think that the two happen- 
ings are similar and that o\ uHtion in the higher pnmates occurs at the tune 
of menstruation Only in recent years have these errors been corrected 

The human cycle averages about 28 days in length, but some indi- 
viduals run to shorter cycles and others to longer ones There is a popular 
impression that the cycle is normally regular, but this is far from the truth 
If two-thirds of all the cycles of any individual keep within a range of four 
to SIX days about her average, it is as good a performance as can be ex- 
pected ^ No instance of perfect regularity for any considerable penod of 
time has ever been reported In view of the biological mechanism (hor- 
mones) that controls the menstrual cycle no such case is to be expected 

The events of a menstrual cycle can be described as occurring in four 
stages (Fig 112) These phases are timed from the start of visible flow, 
which counts as day one Former accounts of the cycle have been modified 
considerably,* partly because of direct observations made on pieces of endo- 
metnum grafted onto the ms of the eye of the monkey and viewed through 
the transparent cornea ® 

I Repair (days 5-6) Dunng the five days of actual menstruation 
the compact layer and most of the spongy layer are lost by sloughmg But 
even before all bleeding has ceased, epithelial cells begin to leave the 
remnants of the glands located in the basal and spongy layers These 
cells ghde over the denuded surface and epithelize it anew 
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regression take place m the mammary gland in co ordination with the 
o\anan cycle® Controlled observations on penodic epithelial grotvth in 
the human are lacking, but the breasts do become larger and firmer (due to 
blood engorgement and, perhaps, edema of the connective tissue) preceding 
menstruation Dunng pregnancy there is remarkable groiith of th( ducts 
and secretory end-pieces After the nursing penod, regression returns the 
glandular elements to the resting state 

THE HORMONES CONCERNED WITH REPRODUCTION 
The preceding paragraphs have presented the mam events of the repro- 
ductive c>cles in a purely descriptive \\a>, scarcely hinting at the forces 
that impel and control them in their orderly and well co-ordinated sequences 
These agencies are hormones— chemical 
substances produced in ductless glands, 
distnbuted through the blood stream 
and capable of arousing into action cer- 
tain specific tissues that come under 
their influence It vs to the hormones 
concerned with reproduction that atten- 
tion must now be directed ’ ® 

The Pituitary Hormones — The 
h>poph>sis, or pituitary body, is a 
small gland attached to the under side of 
the brain It consists of two parts, or 
lobes The anterior lobe is a demative 
of the pnmitive mouth, and certain 
basophilic cells distributed through it 
are the elements that secrete the gon- 
adotropic hormones There is rather good 
evidence for the existence of two distinct hormones (Fig iiO ® One, the 
folhcle-stimulating hormone (F S H ) causes the normal growth of the 
ovaiy and testis and their coming into function at puberty The 
penodic development of small follides to the point where they contam 
full-sized eggs (pnmary oocytes) is a self-contained activity But it is the 
follicle-stimulating hormone that makes the solid follicles grow into ves- 
icular follicles with npe eggs, it is a basic factor in producing ovulation. 
It causes the follicles to secrete the estrogenic hormone In the male 
the same hormone governs spermatogenesis In view of its influence on 
the gonads of both sexes, gametoKinettc hormone would be a more appro- 
priate designation The second pituitary product is the luteinizing hormone 
(L H ) It aids in bnnging about ovulation Under its influence the 
emptied vesicular follicle transforms (t e , luteinizes) into a corpus luteum 



Fig 114 — DngTdm of the honnonal 
influence of the h>poph>si 5 on the ovary, 
and of the o\ar\ on the uterus and hv 
poph> SIS 
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mcnstruil cnrccr, m women opproichinR the end of their rcproditctnc cajncit> (mcnopuse) 
nncl during the n«n.inK of mfnnts 

Estrous and Matslntal C'icics Coutpared — The cstrou'; and menstrual 
cycles arc alike in having (Tik m) (i) a penod of Rrowth of the ovnnan 
follicle and npening of the egg, accompanied by heightened hormone 
(estrogen) output from the ovarj' and proliferative growth of the endo- 
metrium , (2) ovulation w Inch ends this penod . and ( ?) a ptnod of the corpus 
lutcum, with the production of a luteal hormone (progesterone) and the 
resulting progestational grow'th which makes the endometnum suitable for 
pregnancy They arc unlike in several rts[>ccts (i) m the estrous c>clc the 
animal has a definite period of heat, dunng which ovulation occurs and the 
male is accepted {2) in the menstrual ejele, ovulation is unaccompanied 
by heat or limited mating and the end of the luteal pliasc is signalized by 
tissue loss and bleeding, and (^) the two cycles, as desenhed, occupy difTer- 
ent positions with respect to the sequence of utenne changes 



Fig 113 —Vaginal cycle of the nt as shown by smears (riuhmann) X about 500 /I, Atm 
tcr\al B just before cstrui C during cstrus 

The Vaginal Cycle — The changes that chirictenze the female sexual 
cycles are not confined to the ovancs and uterus The epithelial lining of 
the utenne tubes and vagina undergoes cyclic alteration as well Clearest 
and most noteworthy are the rhy thmic changes m the vagina of rodents 
(Fig 1 13) * Just before estrus the epithelial cells proliferate and begin to 
specialize Dunng estnis they comify and shed m great numbers, migrating 
leucocytes present at other tunes, disappear temporanly just before and 
dunng estrus By examining vaginal washings the exact stage of the cycle 
can be determined at any time Such tests are of the utmost importance in 
experimental work because these animals give no other clear signs of their 
estrous state, as for example do the sow by excitement or the bitch by 
genital swelling 

In pnmates, unfortunately, the vagmal changes are less extensive and 
distinct ® Normal ovanan activity as against total inactivity can be de- 
tected, but the diagnosis of ovulation cannot yet be made as a routme 
laboratory test 

The Mammary Cycle — In Iowa- mammals, growth changes and 
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fstrogcn because it produces most of the characteristic features of the estrous 
or menstrual c>cle Estrogen occurs m the ovary in general (including, to 
a slight degree, the corpus lutcum), and there is some suspicion that it is 
made by the internal theca of the follicles Estrogen is finally lost from 
the body by being excreted m the unne Actually ‘estrogen' is a collective 
term because a considerable group of related, chemical substances produces 
similar effects The> are all organic compounds, belonging to the sterols 
vhich can be isolated in pure crj'Stallinc form Estradiol is apparently the 
actual substance secreted by the ovary Estrogenic compounds also have 
been s> nthesized m the laboratory , the most important of these products 
IS stilbcstrol 

As IS characteristic of hormones, tmv amounts of an estrogen produce large effects For 
example, estrone is an estrogen reco\trable from pregnanev urme The administration of 
oooooi tmlhfram of estrone daih for three <Iass can produce the characteristic estrous 
changes m a castrated mouse Six million of these doses uould equal an ordmar> "United 
States postage stamp m weight The dail> output of the more potent estradiol from both 
o\anes of an adult i\oman has the same tffectnentss as o 3 milligram of estrone 

Like other hormones, the group of estrogens is selective in its action Their influence 
IS directed chiellv at the reproductive tract and mammarv glands Injection of estrogen into 
an immature mammal or an adult that has undergone castrate atrophj of the reproductive 
tract causes the blood vessels of the uterus to dihtc, cell proliferation to increisc and the 
glands and muscle to enlarge Hence estrogen acts on the uterus b> bringing it to the full 
adult condition and b> maintaining it there (Fig 115 A, B) It is responsible for the pro 
liferative stage of the estrous or menstrual c>cle (Fig 114) The vagina also responds b> 
grow-th and epithelial specialization Defore pubertv the mammar> glands are in a rudi 
mentarj state of development, even the ducts ^ing nothing more than short, little branched 
sprouts Under the influence of estrogen the nipples enlarge and the ducts grow and branch 
into the treelike system that characterizes the mature, nonpregnant mammal (Fig ii8 
A, B) 

Progesterone — The growth and change in the uterus that charactenze 
the full estrous and menstrual <^cle are not due wholly to the influence of 
estrogen On the contrary the culminating events that make the endo- 
metrium suitable for pregnancy (whether pregnancy occurs or not) are 
directed by the corpus luteum (Fig 114) Its hormone, progesterone, implies 
by Its name that it causes the progestational specialization that favors 
gestation, the last part of the word also indicates that the hormone is 
chemically a sterol This progestational development compnses the final, 
progressive changes m the endometnum which have already been desenbed 
as the secretory phase (Fig 115 O Removal of the developing corpora 
lutea prevents this portion of the estrous or menstrual cycle from appearing 
Under these conditions pregnancy cannot occur For one thing, the endo- 
metnum fails to become sensitized in such a manner that it can react to 
the presence of an embryo by collaborating in the formation of a placenta 
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In the male it controls the activity of the interstitial cells iihich arc pre 
sumably the source of the male hormone Again it uill be noted that 
the name given this hormone is inadequate 

Abundant pnx>fs o( these several effects hive been K^pplicd through cxpcnmenls jn 
which the hjpophjsis his been remo\«!, ttansplintcsl or usctl m the form of extracts as a 
substitute for nonnal pituitary control This cmlocnnc organ, therefore, « the scat of control 
without V hich the oxanes and icstcs cannot function Through the gonads it also governs 
secondanlj the cjchc phenomena of the fcnialc reproductive met, the functional state of 
the mile accessorj glands {prostate and scnwnal vesicles) and the Eccondirj sexual char 
acters The^e pituitarj hormones arc proteins, and the isolation of the luteinizing hormone 
in pure form his been nccomplishetl ® 

The Ovarian Hormones — These are two m number One, estrogai, is 
especially associated wth the follicles, both large and small The other, 
progcskTouc, IS a product of the corpus lutcum (Fig 114) 


Fig 115 — Influence oC ovanan hormones on the uterus of the rabbit shorm bj transverse 
sections (B C, Bouin and Ancel) X 9 A Imimture rabbit B Groirth to adult stale caused 
by estrogen C Progestational {socrctor> ) changes caused b> progcstcrooe 

Esirogeti — In the prepubertal penod of mammals the utenne tubes, 
uterus, vagina and mammary glands, ah of which have remained small 
and relatively undeveloped since birth, grow rapidly to nearlj the adult 
size and the external sexual diaracters become established (Fig 115 A, B) 
At puberty the utenne, vaginal and mammary cycles begin These phe- 
nomena are dependent on the ovanes, as experiments utilizing castration 
the grafting of ovanes into castrates, and the injection of ovanan extract 
into castrates all prove The retention of the mature state of the repro- 
ductive tract and mammary glands fads after castration, and marked 
atrophy follows But the castrate condition can be prevented or corrected 
by ovanan transplants or by the adimmstration of ovanan extract Similar 
treatment of an immature mammal bnngs about precocious growth and 
matunty of the reproductive tract and mammary glands 

The hormone responsible for the several effects just mentioned is called 




THE HORMONAL CONTROL OF RFPRODUCTIVE CYCLES I51 

there is some reason for suspecting it is made there This might explain 
Y,hy human pregnancies, once well begun, continue to completion even when 
the ovanes are removed 

The Testicular Hormone — Through the ages it has been known that 
castration of the male suppresses the development of the secondary sexual 
characters, causes atrophy of the accessory reproductive organs, and in 
vertebrates m general, including most mammals, leads to loss of the sex 
dnve The aggressive bull and docile ox illustrate the castrate change 
The relation of these conditions to a hormone produced m the testis is firmly 
established The weight of evidence favors the interstitial cells, located in 
groups between the seminiferous tubules, as the secretory agents Testos- 
terone has been prepared from testis tissue, and the slightly different and 
much less potent androstcrouc from the unne Both have been punfied in 
CTvstalhne form and both have becixprcpared artificially by the degradation 
of cholesterol The collective term for these hormones is androgen, meaning 
'promoting masculinity ’ 

Man> substances i\ith androgenic properties are knomi, most m the long list being 
artificial creations of the laboratorv chemist hen testis extracts or pure androgens are 
administered to immature mammals the\ siimuhle the grori th of the accessorj reproductiv e 
organs in castrated adults the\ restore these atrophied organs and the mating urge In many 
mid species iiith a rutting season, the male hormone is ‘lecretcd espocnlh at that time 
contrariMise, the interstitial tissue undergoes regression m the long mtert al between sea ons 
ind the acoessoix glands shrink There is no sharp line of distinction betM een androgens 
and estrogens Their chemical constitution is closeK similar and m 1 irge doses each can 
produce certain effects of the other Both are present m the unne of each st x 

THE HORMONAL CONTROL OF REPPODUCTIVE CYCLES 
Not onlv do the several hormones produce characteristic effects on the 
reproductive system, but also these hormones are linked in action Some 
of them complicate the system of control by acting refiexly on the hypoph- 
ysis The reproductive cycles, in all their essentials, can be imitated by 
injecting hormones into experimental animals 

The Ovarian Cycle — ^The rhythmic action of the ovary, wth its 
sequence of matunng follicles and developing and waning corpora lutea, is 
believed to be due to an interplay or see~saw action of the gonadotropic 
hormones of the hypophysis and the ovanan hormones (Fig 117) The 
folhcle-stimulciting hormone npens the eggs and follicles, and thus causes 
more estrogen to be secreted by the enlarging follicles The increasing 
estrogen has a dual effect on the hypophysis, it inhibits the formation of the 
follicle-stimulating hormone and so indirectly checks its own production, 
at the same time, it stimulates the secretion of the luteinizing hormone 
Ovulation occurs when the secretion of follicle stimulating hormone is still 
high and the output of luteinizing hormone is beginning to increase it is 
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Actually, however, there is no invading cmbr>’o m this type of cxpenment 
because the blastocysts die while still free in the uterus, awaiting the time 
for implantation 1 hc> die for the lack of chemical substances secreted 
by the glands of the endometrium under the influence of progesterone 
Hence, in the normal course of events, the corpus lutciim prepares and 
sensitizes the endometnum for pregnanc> , endometrial secretions nounsh 
and protect the embryo before implantation ocairs, and the uterus reacts 
to the stimulus of implantation by forming a placenta In some mammals 
the corpus lutcum is necessary for the maintenance of pregnancy, and its 
removal leads to resorption or abortion of the fetuses Such is not the case 
in pnmates, once the embryo is well established 

Pure progesterone in cri’stalline form can be isolntcd from corpora lutca Properly 
used with estrogen, it is able to bring the uterus of nn immature m'lmmal or of a mature 
castrate to its full functional state When m animal is casiritcd just after mating, the 
injection of progesterone cm replace the action of the corpora lutca and embrjos can then 
be earned successfully to birth Progesterone Im not been nthcsizcd from simpler sub- 
stmccs, but it IS being made b\ iltcnng other sterols sucli ns cholesterol The daily output 



Fio ri6—Fnedman test for pregnancy (Fluhmann) At left, control ovaries it nght, multiple 
ovulation induced by pregnancy unne 

of progestrone is much greater than Ihit of estrogen but the latter is far more potent, weight 
for weight, in producing its charactenslic effects 

The Placental Hormones — A gow'vdotropic hormone is formed by the 
trophoblast of the embryo even before there is a placenta as such “ Khowm 
as the anterior pitmiary-hke hormone, it is lost to the body m the unne of the 
mother Its concentration there is sufficient so that the injection of preg- 
nancy unne into a mature rabbit mil induce o\ ulation (ordinanly dependent 
on coitus) in about ten hours This response provides the basis for the 
Fnedman test for pregnancy which is highly reliable even m the first month 
of pregnancy (Fig ii6) The normal function of this placental hormone 
is not known 

The human placenta contams estrogen in large amounts, as does also 
pregnancy unne Since removal of the ovanes during pregnancy does not 
stop the formation of these substances {estrtol, m the placenta, estrone, the 
elimination product) and since there is a sharp decline of estrone in the 
unne after delivery, it would seem that the placenta is the source 

A small amount of progesterone is foimd m the human placenta, and 
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dunng the proliferative phase because the ovanes are supplying estrogen, 
there is no bleeding in the secretory stage because the corpus luteum is 
suppl>ing progesterone With the decline of the corpus luteum, however, 
the hormonally sustained endometrium is left temporanl> without support 
and consequently breaks dov,Ti 

The Vaginal Cycle — The proliferation and comification of the epi- 
thelium are dependent on the nse of estrogen m the bodj corresponding 
to the final period of rapid folhcular growth Desquamation and leucoc> tic 
infiltration occur as the estrogen declines and its effect wears off, thus 
returning the lining to its ‘inactive’ diestrous condition 

The Mammary Cycle — During the pubertal penod, the duct system 
grows to adult size under estrogen stimulation (Fig 118 A, B) Only in 
pregnancy is this degree of differentiation e\cecded appreciably Then the 
terminal tWTgs branch and bud off secretory' end-pieces (C) This response 
in many animals requires the action of progesterone, while in a few spcats 



A B CD 


Fig 118— Development of the mammao gl^**!*! (after Comer) A Immature state B Ef- 
fect of estrogen in bringing the duct s> stem to the adult virginal state C Further branching of 
ducts and budding of secretorj end pieces in pregnancy D, Prolactin effect m causing secretion 
The enclosed area of A groins into B, the enclosed area of B into C, etc 

estrogen stimulation alone is adequate In still other mammals progesterone 
IS not necessary, but apparently is a helpful aid, the human, like the mon- 
key, may prove to be in this group The actual secretion of milk is brought 
about by a hormone, prolacitn, produced by the acidophilic cells in the 
antenor lobe of the hypophysis {D) Prolactm is a protein which has been 
isolated in pure form * The glands are capable of secreting milk in the 
second half of pregnancy The reason why the flow’ is wnthheld until after 
childbirth is because lactation is inhibited by the estrogen secreted by the 
placenta \Vhen nursing and the suckling stimulus cease, and milk is no 
longer withdrawn, the secretory end-pitces undergo a degeneration and the 
gland returns essentialh to the virginal state 

The Total Reproductive Period — The growth and commg into function 
of the gonads and accessory reproductive organs, and the development of 
the secondary sexual characters, all depend m the last analysis on the 
gonadotropic hormones of the hypophysis What actuates them to become 
effective at a certain time {puberty^ cannot be said It is a part of the larger 
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apparently due to the combined action of thc‘?c two hormones The rising 
level of luteinizing hormone changes the emptied follicle into a corpus 
lutcum, from which progesterone is secreted This latter hormone, in turn, 
depresses the formation of the luteinizing hormone and the corpus lutcum 
goes into a decline But meanwhile the supply of estrogen has reached a 
low level, Its repressive effect on the hypophysis has ceased and a new crop 
of follicles IS developing And so the cycle repeats, the ovary helping 
govern its own cyclic activity (Fig 114) 

This summary fails to account satisfactorily for some peculiar cy'cles 
like those of the rabbit or the annual cycle of many wild mammals A 
nervous factor acting on the hypophysis also seems to play a part, and its 
relative importance vanes in different speacs Proper amounts and pro- 
portions of the pituitary’ hormones are necessary' to produce the typical 
growth, rupture and lutcmization of the follicles A proper rcactivcness 
of the follicle is also an important factor 



Growind Ovula- Corpus 
ColUcles*^ tion lutcum 
Fio 117 — Diai,ram of the hormotnl control of the ov^n m c>c!c See exphnitjon in tett 


The Uterine Cycle — The rhythm of the uterus is controlled directly 
by the ovanan hormones Dunng the follicular phase of the ovary’ (estrogen 
formation) the proliferative growth occurs m the endometrium Dunng 
the luteal phase of the ovary (progesterone formation) the secretory or 
progestational changes take place If pregnancy does not occur, the corpus 
luteum declines and disappears after a relatively brief e\istence, and the 
utenne cycle repeats If pregnancy does occur, the corpus luteum persists 
and the endometnum remains in a specialized state, but ovulation ceases 
These effects are probably the result of placental hormones influencing the 
ovanes by way of the hy pophysis 

The peculiar feature of the higher pnmate type of utenne cycle is the 
destruction, with bleeding, that brings the progressive changes to an end 
Why this occurs in some pnmates alone and what purpose it performs are 
unknown, but an explanation of its cause can be given In an anovulatory 
cycle the endometnum is brought only through the proliferative stage, 
when the supply of estrogen then reduces to a certain level (see ovanan 
cycle, above) the endometrium is no longer able to maintain itself and 
menstruation occurs In an ordinary ovuUtory cycle there is no bleeding 
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dunng the proliferative phase because the ovaries are supplying estrogen, 
there is no bleeding in the secretory stage because the corpus luteum is 
suppl>ing progesterone "With the decline of the corpus luteum, however, 
the hormonally sustained endometrium is left temporarily without support 
and consequently breaks down 

The Vaginal Cycle — The proliferation and comification of the epi- 
thelium are dependent on the nsc of estrogen in the body, corresponding 
to the final period of rapid follicular growth Desquamation and leucocytic 
infiltration occur as the estrogen declines and its effect w'ears off, thus 
returning the lining to its ‘inactive’ diestrous condition 

The Mammary Cycle — Dunng the pubertal penod, the duct system 
grows to adult size under estrogen stimulation (Fig 118 A, B) Only in 
pregnancy is this degree of differentiation exceeded appreciably Then the 
terminal twigs branch and bud off secretory end-picces (C) This response 
in many animals requires the action of progesterone, while in a few species 
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Fig 118— De\elopment of the marnmnn Rl'uid fiiher Comer) A Immature state S, Ef- 
fect of estrogen in bnnpmg the duct stem 10 the ^du\t Mrgvnalstate C Further branching of 
ducts and budding of secretory end piccis in pregnancy £>, Prohetm effect m causing secretion 
The enfloscd area of A grows into B the enclosed area of B into C, etc 


estrogen stimulation alone is adequate In still other mammals progesterone 
IS not necessary, but apparently is a helpful aid, the human, like the mon- 
key, may prove to be in this group The actual secretion of milk is brought 
about by a hormone, prolactin, produced by the acidophilic cells in the 
anterior lobe of the hypophysis (£>) Prolactin is a protein which has been 
isolated m pure form ® The glands are capable of secreting milk in the 
second half of pregnancy The reason why the flow is withheld until after 
childbirth is because lactation is inhibited by the estrogen secreted by the 
placenta "When nursing and the suckling stimulus cease, and milk is no 
longer withdrawn, the secretory end-pieces undergo a degeneration and the 
gland returns essentially to the virginal state 

The Total Reproductive Penod — The growth and coming into function 
of the gonads and accessory reproductive organs, and the development of 
the secondary sexual characters, all depend in the last analysis on the 
gonadotropic hormones of the hypophysis What actuates them to become 
e ective at a certain time {puberty) cannot be said It is a part of the larger 
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plan of growth and matunng of Ihc body, and the reproductive powers 
are wisely withheld until the parents are relati\cl> far along m their owti 
developmental course 1 he normal loss of the reproductive capacity comes 
earlier in female mammals than in males Known in woman as the ntaw- 
pause, it IS marked by the cessation of all cyclic, reproductive activities 
Imolution and atrophy of the ovancs, reproductive tract, external genitalia 
and mammary glands follow on the wathdraw'al of estrogen support, and 
sex desire ultimately wanes In the male the decline of spermatogenesis 
and the secretion of testicular hormone is individually variable and less 
determinate than in the female 
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CHAPTER IX 

EXPERIMENTAL EMBRYOLOGY 


Descriptive and comparative embryology offer no c\planation as to 
how and why the steps in development happen when and as they do Such 
information comes from e\penment This youngest and most \ngorously 
prosecuted field of embryology is commonly called cxpcntuaital mbryology 
other terms are developmental mechanics, causal embryology and analytical 
embryology Its contributions to an understanding of dynamic causation 
are already impressive 

THE METHODS OF ATTACK 

A biological expenment consists m altering some condition under which 
a state exists or a process proceeds and then studying the results The 
object of expenments in development is to reduce causation to its simplest 
terms These results provide, bit by bit, the elements upon which synthesis 
and comprehensiv e understanding are based 


One hne of experiment tests the dependence of the de\ eloping egg or embryo on its 
environment The seseral physical and chemical environmental agents arc called external 
fcciors Their effects are naturalU seen best in those organisms that arc directly exposed 
to their influences the embryos of viviparous animals, and especialh mammals, are less 
subject to variations of the environment The external factors of chief importance are the 
following (i) Mechanicat, such as pressure, gravity and ccntnfugal force (i) Physico- 
chemical, such as pH and osmotic pressure (3) Radtatwnal, such as heat, ultraviolet rays 
and X ray s (4I Chemical, through lomc effects It is not necessarv to itemize the detailed 
effects of these factors which have been tested by adding or subtractmg them, one at a time, 
from the normal environment Some are requisite to normal development, most, either in 
excess or deficiency, cause abnormal development of vanous kinds These agents also 
become useful as tools in conductmp experiments For example, the centnfuge disarranges 
the constituent'” of the egg and redistributes them into layers according to their spcafic 
grav-itips heat or ultraviolet rays can be used to kill local regions of the cj^toplasm, X rays 
or radium emanations can destroy the nucleus excess sodium chlonde can prevent the 
closure of the spinal cord calcium free sea water causes cleavage stages to separate into then- 
component blastomeres 


A second Ime of attack tests the relations esistmg betneen the embi^o as a nhole and 
Its parts, and the influence of component parts one on another These interactions and 
influences are called inlmnil fachrs Then- eSects are tested bj subtracting parts, bv alter- 
atmg relationships through interchange or substitution, and b\ adding parts or n holes 
The terminology and procedure are as foUows (i) /sojnlioii This is earned out bt removing 
a part or region and allowing it to del dop in its natural medium (r g , sea water) or as ai 
erploiil m an aseptic, nutrient medinm (. r , tissue culture) Wen introduced into a ^ason- 
abl> indifferent environment provided bj another embrjo (r g , beUy cavitj , chono allantoic 
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tnembnnc) it is called an utifrptani (2) Defed The epR or cmbr>o, after the exasicm or 
destruction of 1 local rcRion, becomes a defect espenment An CfjK nucleus can be destro>ed 
by X ra>s or sucked out with a micropipettc Cydoplasmic areas can be destroved b> local 
pnckinR, heat or uUra\iolct tre itmcnt A fine hair can be cmplo>cd to cut or constnet 
Tin> knnes, glass needles and scissfirs arc used for txcistng the parts of cmbr}os Some 
regions arc diffcrcntiallj susceptible to toxic substances (3) Keconibtnalion Blastomercs 
can be displaced into strange positions 1 he grafting of an excised part into the place left 
bv the rcmo\al of another part is Iransphuilalion A\hcn the sul»stitutinn or exchange is 
from one individual to another, the embrao siippbmg the transplanted part is the doim, 
the one recemng it as a graft is the host (4) Addtlioii Implimtalion is the addition of a 
part, as a supernumerary structure, to an embrvo complete m cverj naj Fiistotis of whole 
eggs or carlj cleavage stages can lie accomplished the surgical union of older cml>r>os is 
called parahiosjs 

Eggs and embrjos of vanous kinds have served as experimental matcnal, but cchmo- 
derms and amphibians arc pnme favontes The embrvos of birds can be used to some 
extent, whereas the manner of development of mammals and the unfavorable stickiness of 
their tissues at operation present formidable difllcullics 

AN INTERPRETATION OF EARLY STAGES 
Organization of the Egg — The npe egg c\hibits a degree of organiza- 
tion FundamentaU> important is its polartt}, a mam axis connecting 
the two poles The animal pole possesses higher actmt;y capacities and 
tends to be near the future apical or anterior end of the embr>o, these 
capacities decrease in gradient fashion to the vegetal pole Polantj, or 
axiation, is impressed from without on the ovanan egg, and the an mal pole 
IS the end of the egg which was most active m physiological exchanges 
during oogenesis Also of groat significance is the establishment of bilateral 
symmetry Innumerable planes, which could divide the egg into physio- 
logical halves, pass through the pnmary axis of the egg connecting the two 
poles Not all meridians are exactly equivalent and a certain one comes to 
possess a slight advantage over the others due to influences impressed on 
It while in the ovary The existence and localization of such a plane can 
be revealed by susceptibility expenments This differential in favor of 
bilateral symmetry is not often over-ndden by factors acting at the time 
of fertilization and afterward, but there is some evidence that the point of 
entry of the sperm may shift the still labile plane of symmetry in the egg 
of the common frog to a new position 

The cytoplasmic cell body is not homogeneous There is a greater 
concentration of pure protoplasm (building matenal) at the animal pole, 
whereas reserve matenals (such as yolk) favor the vegetal pole Aloreover, 
the interior differs from the surface The internal core of cytoplasm is 
semifluid, the penpheral shell, more gelatinous A gel condition favors 
regional differentiations, and such not only occur but even become visible 
in some eggs They are characterised by pigmentation, different colloidal 
consistency or other features These stratifications and distributions. 
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■however, are the result and not the cause of polanty Following their 
disturbance by centrifuging, the original axis of polanty still governs 
further development (Fig 119) 

The Initiation of Development — ^The free, unfertilized egg undergoes 
progressive ‘aging ’ A demonstrable result is an increasing coarseness and 
aggregation of cell colloids over their prevnous finely dispersed state, with 
this congealing tendency goes a reduction in vigor and plasticity Fcrttliza- 
tion reverses these trends, thus rescuing the egg from impending senescence 
and death and bringing about cell rejuvenation Within limits, an over-npe 
egg will still receive a sperm and develop But as staleness advances, 
development is progressively poorer, malformations increase and viability 
of the embryo decreases * It is obvious however, that fertilization must do 
more than rejuvenate , it must also activate What the inciting factor may 
be is not clear, although a pnmary effect seems to be the liberation of an 
acid within the cytoplasm This in turn, induces physico-chemical changes 
which lead to complex chemical reactions of unknown character Among 



1 10 119 — Per-istence of polanty in centnfuged eggs (Morgan and Spoonpr) /I, Distnbu- 
tion of >olk and pigment granules in the normal egg ot the sea urchin B-D Retention of mam 
axis with tiny blastomeres at the onginal vegetal pole jn 16 cdl cleavage stages, regardless of tJje 
dislocation of the hea\ ler granules and lighter clear oil and protoplasm 


the changes, the cytoplasmic colloids become more viscous and stable 
while in some forms, including vertebrates, permeability and cell respiration 
increase greatly 

One set of chromosomes, from either parent, is adequate for develop- 
ment That the female pronucleus is not essential to cleavage is proved by 
the fact that spermato/oa will activate eggs from which the nucleus has been 
removed or in which the nucleus has been made degenerate through radium 
treatment Even an enucleate, cytoplasmic fragment of some eggs will 
receive a spermatozoon and develop into a larva On the other hand, a 
sperm with its nucleus fatally damaged by radium (so that it is inactive, 
like a foreign body) is still abit to enter an egg and stimulate it to develop' 
E-ven in the absence of sperms, the eggs of many invertebrates and verte- 
brates can be made to develop readily through chemical or other stimulation 
{artificial parthenogenesis) Adult frogs have been reared from eggs induced 
to develop parthenogetically by pricking with a needle, normal rabbits 
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have been bom from eggs sUmutatcd by vanous artificnat means ^ These 
several facts show that the ability to develop is a fundamental property 
of a npc egg and that the actual union of the male and female pronuclei 
IS not the factor that sets off development Neither docs the entering 
sperm supply a specific substance that is necessary for egg actuation, it 
only releases those reactions within the egg upon which development 
depends The egg, therefore, is the essential pnmordium of the future 
embryo, it is indispensable, uhile the sperni is dispcnsible 

Cleavage and Gastrulatlon — By means of cfcoiogc the egg is sub- 
divided into smaller budding units The pattern depends on the position 
and orientation of the mitotic spindle at each division, on the rate of 
mitosis in different regions, and on shifts of the blastomercs after they are 
cut off The physical constitution of the c> topJasm and spindle, the amount 
and distribution of yolk and the influence of surface tension are knorni 
factors in determining pattern Deviations from the general rules of 
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Fic lio — The equivaUnct ot cleavaRC nuclcimdcvt-lopmcnt (Spwunn) X 13 /I, Con 
stnctvon of the egg of the newt had confined the nuclei (and clcav igc) to the nght half at this 
point one nucleus was permitted to pass into the left haU nnd the ligature was tightened to pro- 
duce separation of the halves B Later identical larv*, denved Irom the two halves 

cleavage (p 57) doubtless have logical explanat ons, based on as>Tiimet- 
ncal, protoplasmic organization or forces, and on local differences in vis- 
cosity and other qualities Blastomerc shifts that go beyond the adjust- 
ments which art made in conformity with local surface tensions, are akin 
to those mass movements that take place in the multicellular blastula 
dunng gastriilaixon The latter result from a ‘flowing’ of cell groups in 
which the individual cells are mere passengers Such gastrulation move- 
ments are a function of the blastula as a whole, analagous to ameboid 
movements in a single cell but even le^ well comprehended The results 
of gastrulation are eminently practical the cells of the blastula segregate 
at convenient levels as the germ layers, thereby distnbuting in some cases 
cells already specialized and with closed fates , but in vertebrates, the cells 
lack specific and irrevocable assignments as yet and merely acquire positions 
that are advantageous in a future program of specialization and morpho- 
genesis 
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Cleavage, no matter how orderly it may be, is not a mechanism pn- 
manly designed to distnbute particular qualities to the blastomeres which, 
carrying out irrevocable assignments, then give nse to particular parts of 
the embrvo The idea that specific qualities are distnbuted through the 
nuclear divisions of cleavage can be disproved by experiment For example, 
a half egg, made to receive but one of 16 cleavage nuclei, develops into a 
normal individual , hence the daughter nuclei cannot be qualitatively unlike 
(Fig i2o) That cleavage is not a specific device for subdividing the egg 
c> toplasm in such a way that the vanous blastomeres receive portions with 
rigidly different, developmental qualities follows from certain facts in 
manv animals one of the first two blastomeres is able to develop into a 
whole embryo, while later blastomeres can have their normal fates swerved 
to other ends Although the blastomeres sometimes do receive cytoplasmic 
allotments of different character, it is the organization of the cytoplasm 
that governs these distributions and the cleavage pattern The latter is a 




Pig 121 —Organ lonmng areas m the egg of the lumcale Styels (after Pasieels Vander- 
broek and Conkhn) A, Map of fertilized egg, showing the locations of prospective parts B, C, 
Eight Cell cleavage stage in side view and transverse section of hr\a showing the fates of the 
mapped regions 

somewhat incidental instrument which leads to the organization of the 
embiyo, rather than being the pnmary cause of its organization 

Organ-forming Regions — In the normal course of development, the 
egg breaks up into blastomeres and these become first germ layers and then 
definite organs and parts of the embryo Complete cell lineages can be 
followed in some lower forms with a rigid style of cleavage and few and 
distinctive cells , but in vertebrates the blastomeres and cell groups of the 
blastula can be traced to their destinations only by marking them with 
vital dyes which stain the cytoplasm without iniunng it This continuity, 
though not exact spatial correspondence, between definite temtones of 
early and late stages may even be presaged to a certain extent in some 
fertilized eggs by localized substances, different in color or texture In 
these cases a distinctive area may prove to be the precursor of a specific 
portion of the later embryo (Fig 121) It should be emphasized, however. 
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that not every structural diflcrcntiation withm such egg cytoplasm has 
functional significance for organ formation In fact, visible granules, like 
pigment and yolk, arc not factors to this end ns dislocation b> ccntnfuging 
proves (Fig 119), although they may serve normally as markers of signif- 
icant tcrntoncs For this reason, and since so little is known about actual 
protoplasmic differentiations, it is better to av oid the term ‘organ-forming 
substances ’ 

Any correspondence between spccialircd regions of the egg and later 
organs is, of course, not prcformation in the gross sense (p 4) It is 
merely a prclocaltcatton of distinctive regions whose normal (1 c presump- 
tive) fates can be foretold For the moment, the existence of these regions 
of the egg or early germ can be considered ns having only a descnptive or 
topographical meaning Whether their developmental possibilities just 
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FlC 123 —Mosfltc dc\elopmcnt in theniollusc, Dentnhum (t\jIson) /I, CpR mlh so-cilled 
polar lobe (/) protruded m the first elcivaRC dnu.ion B NorfmIlar\a C Defeetue lar\a re 
suiting from the remo% al of the polar lobe at stage A the apical organ and region below the mam 
zone of cilia are lacking 

equal or transcend their routine developmental performance, will be con- 
sidered next 

THE CONCEPT OF POTENCY 

Potency refers to the total range of developmental possibilities which 
an egg, blastomere or part is capable of realizing under any condition, either 
natural or experimental In some animals (eg, tunicates, molluscs an- 
nelids) cleavage follows a precise pattern (« e , determinate cleaiage) and each 
blastomere has its charactenstic position and unalterable fate (Fig 121) 
The cleavage group or blastula is a mosaic in which the component blasto- 
meres have received assignments according to an inflexible plan already 
completed at the time of fertilization This parceling-out process means 
that each blastomere at some penod becomes the precursor of a definite part 
of the embryo Destruction of such a blastomere results in a defective 
larva (Fig 122) An isolated blastomere of the two-cell stage develops into a 
half-larva, later blastomeres have still more restricted possibilities This 
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js mosaic daelopmati, the potencies of the blastomeres just equal the fates 
which the> achieve 

In other animals (rg , vertebrates) the plan of clea\age is less ngid 
(i c , indeterminate cleaiagi) Although normal development demonstrates 
a general relation between blastomere position and fate, still the blastomeres 
possess more capabilities than thej ordinanlj show For example, the 
destruction of a blastomere w ith a certain presumptix e fate or its dislocation 
to a strange position is followed by readjustments and substitutions which 
produce a normal embiyo A first blastomere of a mammal, when isolated, 
can alter its usual destin> and develop into a perfect (but small) embryo, 
while two fertilized eggs, made to cohere like a two-cell stage, produce a 
single, giant embryo ^ Even a symmetneal half of an amphibian blastula 
w ill give nse to a w hole embrj o This is rcgnlatu c dn clopment, the potencies 
of the blastomeres are greater than their normal performance would lead 
one to suspect A vertebrate embryo, as a whole, does not consist of organ- 
specific distncts until relativclj late, m an amphibian this is at the neurula 
stage 

All gradations exist between determinate, mosaic eggs and indetermi- 
nate, regulative eggs But in every case, development eventually attains the 
unalterable, mosaic state, so that the differences observed between the 
eggs of different animals are those that accompan> an early or late loss of 
regulative plasticity Even the mosaic egg of a tunicate is regulative before 
fertilization occurs halves, cut m a meridional plane and fertilized, become 
complete larva; The existence of regulation, as shown by the production 
of a whole embryo from a half egg, a single blastomere or a half blastula, 
or from the union of two eggs, is proof that the embryo is not preformed in 
the egg but rather that it develops epigenetically (p 4) 

THE PROBLEM OF DETERMINATION 

At some time dunng development ever> embryonic region loses its 
originally extensive potentialities and becomes limited to a specific line of 
action and structural differentiation This fixation of fate by the assump- 
tion of an irrevocable assignment is known as determination It may already 
be settled in the fertilized egg, so that cleavage is a matter of parcelation 
and later development is a program of realization (extreme mosaic eggs) , 
or determination ma> only be getting into full swing dunng gastrulation 
(regulative eggs, including the eggs of vertebrates) The progress that 
determination has made at any penod is learned by testing potencies For 
example, when areas of prospective epidermis and neural plate are ex- 
changed at the beginning of amphibian gastrulation, each differentiates 
into tissue appropnate to its new site (Fig 123) A similar interchange at 
the neurula stage, however, results in the neural tube containing an insert 
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of epidermis, and the skin an island of neural tissue (Fig 124) Hence, 
bcUsccn the early gastnila and the early ncurula stage, developmental 
plasUcit> and the capacity of adaptation have been lost to these parts, 
that is to say, they have been determined 

Experiment proves that determination appears in difTcrcnt regions at 
different times, it is established graduatlv and always proceeds from the 
general to the particular Determination is a 'receiving of an irrevocable 
instruc-tion,' whereas differentiation of form and tissue is the visible canning 
out of this assignment Only rarely among animals arc the early, deter 
mined cells recognizable stnicturaUj from their neighbors 

Tlie dcNclopmcntnl histors of n hmb of nn amphitHin jUustrates the course of deter 
rntnition *ind Us results The cgp and }d^stub an nnimaJ nnd vegetal henusphen; and 
bihtcral symmttrj Cell groups move into position as segrented germ lajcrs, vs hose cells 
at first are undetermined and intcrclnnRcnbk A diffuse, fore limb field becomes cstab- 



Fio H3 —Plvsticity of pirts pnor to their dctcrminntion (Spcminn) 4 Carly gastnila of 
a pigmented amphibian contunint; mlhm its prospcctuc bnin region a substitute gnft from the 
prospective belly epidermis of a pale species (X 20) S Embryo, wth gnft, at ncurula stage 

{X 30 ) C Transverse section through the head of ibe liter embryo, the transplant has been in 

flucnced by its surroundings to differentiate into an ravel of pile bmin tissue (X 60) 


Iivhed m the mesoderm CentraUy within this larger, potential hmb district the actual Imtb 
bud appears as a localized mass Although «TcvcrsibI> determined as a limb (as proved by 
its self-difTerentiation after etplvntation mlo tissuesniUure medium), the bud still possesses 
regulative ability if it is halved, two fore limbs develop, if an extra bud is grafted in, the 
materials merge and make one limb Moreover, the field retains for a tune reserve capac- 
ities if the bud IS removed, the field becomes a whole once more and another limb bud can 
develop m it At this stage, the limb is determined os an organ, but its cells still lack specific 
assignments their determination is an affair of local subfields m which they happen to he 
Overlapping, competing subfields arc established for the upper arm, forearm and hand 
hlesenchvmal condensations then signify the definite localization of these parts Finally , 
progreffiive form- and tissue differentiation serve as visible indices of the terminal determi 
nations 

How IS determination brought about ^ It has already been shown 
(p 1^8) that the cleavage pattern and qualitative differences in the cell 
nuclei must be excluded from consideration Determination is the result 
of progressive change within the cytoplasm and has chemical differentiation 
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as Its basis This internal chemo-differentiation may set the fates of the 
cells within a local region alone, whereupon these cells are able to self- 
differentiate Or a cell group may also emit a chemical substance that 
affects specifically an adjoining region so that it becomes determined in a 
way It otherwise never would, m this instance differentiation is dependent 
on an outside stimulus Self- and dependent differentiation are not mutu- 
all> evclusive, an organ that gets its start through dependence soon acquires 
the power of self-differentiation and becomes independent Cntical study 
has revealed more and more cases of seemingly pure self differentiation to 
be dependent in their earlier periods 

Embryonic Induction — ^The specific, morphogenetic effect brought 
about by a chemical stimulus transmitted from one embryonic part to 
another is known as an ttidiiclton or ciocation The part exerting this in- 
fluence IS an inductor or orgamocr, and the chemical substance emitted is 
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Pic 124 — Loss o{ pUsticity after determination (after SpemanTi) 4 , Neuru\a of toad from 
n hich the ej e region of the brain has been remoi ed B The portion taken from A has been trans 
planted into the flank of another neurula of equal age C, Transverse section through the resulting 
tadpole, the transplant has become an eye cup in strange surroundings 

an ctocaior Induction is an important and widespread mechanism of 
determination It occurs especially in organs assembled as a composite 
from different sources and is useful in bnngmg about orderly development 
and the correct timing and fitting together of parts 

Inductive effects have been studied most thoroughly in amphibians 
The first part to exhibit organi/er activity is the future chorda-mesoderm 
tissue that rolls around the dorsal lip of the blastopore This tissue, passing 
to the intenor of the gastrula, underlies the dorsal ectoderm like a tongue 
and IS in contact with it In this region of contact, the ectoderm first 
thickens into the neural plate and then folds into the neural tube 1 hat it 
has been subject to induction can be proved by experiment if contact 
bet%\ een the ectoderm and chorda-mesoderm is prevented, the neural plate 
fails to dt\ i lop , if the dorsal hp of the blastopore is implanted under strange 
ectoderm, it brings about the formation of a neural plate there This neural- 
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izing effect, however, has further consequences, and it will be instructive 
to follow one particular sequence of provable inductions to its end The 
swelling forebrain, reacting to the influence of the head mesoderm, produces 
a pair of lateral bulges (the eye vesicles) that become the stalked c>e cups 
Each vesicle induces the adjacent ectoderm of the head to thicken into a 
lens plate (Fig 462 A) which then folds into a lens vesicle {B, C) and pinches 
off The lens, in turn, causes the pigmented epidermis over it to clear and 
to become the corneal epithelium (Fig 463) In this sequence of inductions 
there are, at least, inductors (or organtzere) of the first, second and third 
order 

After the extirpation of an inductor (r g , c> c vesicle), the usual response 
(eg, lens formation) fails This type of evpenment, hov\c\cr, docs not 
show that the inductive effect is more than an arousing into action of a 
tissue already prepared to respond in a particular way That the eje 
vesicle can actually ‘instruct’ adjacent ectoderm is proved by implanting a 
vesicle beneath the ectoderm of the belly, or b) substituting bcU> ectoderm 
for the normal lens ectoderm In both expenments a lens differentiates 
from the strange ectoderm that normallj would never display this acti\at> 
That the normal, presumptive lens ectoderm is not at first predisposed 
toward lens formation can be proved by supplying it with eye* or nose 
inductor, whereupon it responds bj forming these parts The testinionj 
of these several experiments in favor of the epigenetic mode of development 
IS unanswerable 

In order to produce an induction, the tissue of the inductor must be in 
contact with the region stimulated This is because the chemical substance 
(the evocalor) that mediates the response passes by diffusion from cell to 
cell An inductor acquires inductive power and retains it for a tune 
Strange tissue, grafted into an inductor becomes imbued wath the power 
residing in that region So does an induced early organ, which may be 
made to induce another organ like itself Similarly, an embryonic region is 
capable of responding to a particular inductor for a limited tune only, 
during this reactive penod, when determmation is established and the course 
of differentiation set, the tissue is said to possess competence Although an 
inductor gives a cue or order, the competent tissue carries it out in its own 
way For example, when body ectoderm of a frog is grafted onto the future 
mouth region of a newt, a mouth is induced, but it is a frog’s mouth wath 
homy jaws instead of teeth 

The Organizer — The prospective chorda-mesoderm tissue is the 
original focus (orgamzation center) with respect to which the rest of the 
embryo integrates This can be proved by grafting the dorsal lip of a gas- 
trula into the belly region of another gastrula (Fig 125^,5) Itsmks be- 
neath the surface and self -differentiates into a mesodermal axis (notochord 
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and segmentally arranged somites, together with kidney tubules and lateral 
mesoderm) A neural a\is is induced from the host ectoderm above it 
(C), ^hile additional mesodermal organs may be induced from host tissue 
and an accessory gut may form from the host entoderm beneath As 
development proceeds, a secondary embryo arises which remains attached 
to the primary embryo, denved from the host gastrula (D) It is this master 
organizing-power (self-differentiation combined with complex inductions) 
that makes the primordial chorda-mesoderm be recognized as the primary 
organizer, or, as it is often called ihc organizer Given the opportunity 
and matenals, it will cause a whole embryo to be formed 

An organization center has also been discovered in some invertebrates 
and in fishes and birds The primitive streak of a bird is a modified blasto- 
pore through which the prospective chorda-mesoderm passes during gas- 
trulation It induces the formation of the neural plate, and when trans- 



PiG 12^ — Induction of a secondary embryo by an extra primary osgmizer A, B Trans 
plantation of the dorsal hp of an tarly gnstruK of the nent to the future belly region of another 
gastrula C D, Stages of the resulting pnmury embryo nith a secondary embrvo attached to it 
CBdUtzmann X 13) 

planted induces the appearance of a secondary embryo, as in amphibians 
The entoderm, w'hich precedes the primitive streak in time of appearance, 
IS the inductor of the primitive streak ‘ Little is known of the mammal 
beyond the facts that a chick primitive streak will induce a neural plate m 
a rabbit blastoderm and a rabbit primitive streak acts similarly in a chick 
blastoderm 

The influence of the pnmary organizer is two told The chorda mesoderm contains a 
chemical substance, or evocator, that causes competent ectoderm to form a neural plate 
and tube But when chorda mesoderm, killed by heat or chemicals, is implanted under 
strange ectoderm the result is similar Moreover, dead tissue from other regions of the 
embryo and from all kinds of animals, embryonic or adult, has the same effect Tissues that 
are ineffective when living may become inductors when dead A neutral substance, such as 
agar, soaked m an extract from a known neural inductor and used like an implant may 
induce a neural plate These results imply that the essential agent m neural inductions is 
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a wdcspreacl clicmical substance that is also contained in every part of an embrj o Yet in 
life it ts only set free bj the chorda mcsodemi, nhcrcis elsewhere it exists apparcntl} m an 
inactive or bound state The kind of effect descnlicd thus far is one in nhich a competent 
tissue IS actuated into doing something within the range of its emerging field powers But 
there is more to organizer action than the mere eliating of n specific activity in a field, wath 
out displaying any itself The pnmarj organizer is also able to impose pattern upon the 
region that comes under its influence A neural plate that is induced by a dead organizer 
lacks the regional specializations, such as brain or spinal cord, that characterize the difTcrent 
levels of an embryo The luing organizer, on the conlnr>, is able to instruct the neural 
plate in such a manner that it carries out regional assignments at appropriate Iciels and 
produces a neural tube as a w hole This means that the plate of chonla mesoderm exerts 
different pattern forming influences along its length pnaof is supplied by appropnatc trans- 
plantation expenments Similar, dual influences of simple induction and regional induad 
uation are doubtless exerted bj inductors lower in grade Ilian tlie pnmarj organizer 

The Role of Genes — The same assortment of chromosomes and genes 
IS present m every cell of the embryo and, b> themselves, they are incapable 
of initiating the processes of dexeloptnent and difTcrcntiation Genes can 
only produce their cfTccts \xhcn particular environmental conditions have 
been created with which they can interact This may be quite early, since 
the gastrula of a hybnd cross ma> show charactcnstics that belong to the 
species that supplied the sperm It seems highly probable that genes can 
affect organizers, as they more certainly do the fields where difTcrcntiation 
and pattern are being worked out There is also a suspicion that genes 
control the processes that bang a tissue into a competent state 

It would appear that the cytoplasm provides the fundamental mechan- 
ism for bringing about development whereas the genes act as directing and 
controlling agents Unfortunately, most of the information concerning the 
effects of genes comes from the later penods of development when details 
are being worked out Such details arc complex wing differentiation in the 
vinegar fly has been analyzed into i 6 separate processes, under the control 
of some 40 genes Genes act by affecting the rates at which reactions go 
on in the embryo Catalysts, inhibitors or hormones are produced or in- 
hibited, masked or unmasked 

Hormonal and Nervous Influences — ^Hormones play a r61e in develop- 
ment, especially in its later phases They, however, are not primary, 
creative factors of development On the contrary, when certain parts of 
the fetus have arrived at a proper state of differentiation (including hormone 
sensitivity) they merely react to the chemical stimulation supplied by the 
hormone substance Nervous excitation is not a factor m the differentiation 
of tissues and organs For example, a muscle or even a whole limb can 
develop fully in the complete absence of nerve Through its inductive 
power, however, the nervous system does influence the development of the 
nose, eye and ear 
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THE GRADIENT TKEORT 

Embnos and man> adult animals show gradients of ph> siological activity The pnn 
cipal one parallels the mam axis of the bodi and has its high point at the antenor (apical) 
end and its lov. point postenorlj When a worm is cut in two at an> intermediate level, 
each piece retains an antenor high and postenor low polanty essentially like the onginal 
w onn The antenor piece grow s a new tail , and the postenor piece a new head T he gradient 
theory first points out the agreement m space and onentation between morphological and 
physiological polantv It then asserts that the significant gradient is metabolic m nature 
and that the relative mtensitv of metabolism at the two end stations on a gradient is the 
cause of a head and tail existing and reconstituting where thev do 

An egg first shows an animal-vegetal polar gradient At gastrulation the organization 
center appears wnthm another gradient field As the embry o progresses, antero postenor, 
dorso ventral and medio lateral gradients can be demonstrated, as well as gradient fields 
where the vanous organs are emerging The gradient theorv claims that the gradients call 
forth developmental activity, are the real organizers, and determine pattern The fate of 
any cell depends simplv on its relative position m the gradient system, and the kind of 
tissue differentiation at any point is set by the relative intensity of protoplasmic activities 
at that point * 

This ambitious theory which attempts to unify regeneration and development on a 
simple, common basis emphasizes facts of fundamental importance concerning the existence 
of certain gradients and their correlations It is with the specific interpretation of gradients 
as the causatn e factors of determination that objections hav e been raised Is the significant 
gradient metabolic, and more espeaally oxidative' Is metabolic acimtv an instrument of 
determination or a mere indicator of the intensity of development’ Are gradients more 
than attributes of activ ity? How can qualitative differences anse from an influence that 
differs only in strength’ How can a continuous gradient produce wholly discontinuous for- 
mations such as the nose, eye and ear’ How can a gradient at best do more than activate, 
leaving determination stiff resident m the regions stimulated' 

TWINNING AND DUPLICATION 

Experimental Twinning —Organization into an embryo requires the 
presence of the pnmary organizer The formation of separate embryos 
from isolated, early blastomeres of regulative eggs depends on whether or 
not these blastomeres contain (or are able to differentiate) organizer sub- 
stance In the sta urchin any one of the first four blastomeres includes a 
sample of the egg from pole to pole and will form a perfect, but small, larva 
Subsequent cleavage restnets the organizer material to the vegetal blasto- 
meres, and especially to tiny 'micromeres' at the vegetal pole (Fig 119), 
even blastula-halves that contain both ammal and vegetal cells will regulate 
into complete larvee In amphibia, the site of the pnmary organizer is 
indicated by a less pigmented temtory that appears above the equator 
of the egg ]ust after fertilization If the first cleavage furrow transects 
this gray crescent, each of the resulting blastomeres, when isolated, can 
form an embryo , otherwise the blastomere containing the crescent is the 
only one that so develops It follows that only when a blastula or early 
gastrula is halved in such a manner that each part contains some of the 
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pnmary organizer (dorsal lip of the blastopore) wll twin embryos result 
(Fig 126) 

A double ‘monster’ forms when the pnmarj' organizer of an amphibian 
IS made to separate partially into two cliorda nicsodcnnal tongues (Fig 
127 A, B) Double twins can also l)c pro<luced by grafting together two 
half gastrulai, each containing its blastojiorc {C, D) Depending on the 
angle the two dorsal lips make with the new mam axis, such embrjos can 
be made to have two heads or two tails A most interesting cruciate (cross- 



Fic 126 — Dependence of ofRinttniion on the pnimf> orjranuer (Spemnnn EmbrjomcDc 
velopment and Induction \ileUnn Pres^) 4 , Gn^truh of n(a\t ibout to tw sepnnited into 
halves B Well proportionctlcmbr>odcnvcdffomdof«aUnlfconlnninctJieon;miiationcenter 
C Tnfn \\ithout txienor diffcrcntniion derived from tcntraUiaU 
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Fic 127 — Jointed twins, produced evpentnentilly in the newt A,B Antenor duplication 
resulting from a constriction that causes the pnm-iry organizer to split into two tongues C, D 
Posterior duplication resulting from the fusion of parts of tw o gastrulre whose normal mam axes 
are Indicated by arrows (after Spemaim) 

shaped) type results when the dorsal lips face each other directly The 
two developing axes then meet head on and make an embryo with fused 
heads and partly separate bodies {cf Pig 132 A) But each head is a joint 
product, the left half from one individual and the right half from the other, 
and the midplane of the heads is at right angles to that of the facing bodies 
Other t>pes of crossed doubling are produced when a fertilized egg is in- 
verted during the first cleavage The heavier yolk settles and traces of it 
interfere with gastrulation Twinning can be enhanced in fishes amphibians 
and birds by depressing certain environmental factors (temperature oxygen, 



TWINNING AND DUPLICATION 


169 


etc ) at the time of gastrulation This tends to abolish the supremacy of 
the onginal axis, and leads to its replacement by other, more or less inde- 
pendent axes 

Organ pnmordia also possess regulative capacit> for a time A part of 
the anlage contains all the factors necessary to the formation of a whole and 
tends to produce a whole This capacity can lead to duplication The 
heart of an amphibian anses as two plates that normally meet in the mid- 
plane to form a tube If the fusion of these bilateral pnmordia is prev ented, 
each forms a separate, complete heart On the other hand, a single organ 
can subdivide, when a limb bud is split lengthwise and the halves are 
prevented from reuniting two perfect limbs are obtained Subdivision may 
divide an organ field, even before it is visible as such , thus a transplant from 
the early eye field may form an eye in addition to the one produced from 
the undisturbed, residual tissue 
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Fig 128 — Earb embryos A, Blastocyst of a sheqj with two embryonic discs (after 

Assheton X 15) B Twin human embryos of 12 mm with individual yolk st ilks attached to a 
common yolk sac (X 2 3) C, Chonomc vesicle of the armadillo containing four embryos at the 
stage of the pnmitiv e streak (after Patterson X 2 3) 

Natural Twinning — The unaided isolation of blastomeres to produce 
separate twins is not known to occur in vertebrates Since the cleavage 
cells of mammals are contained within the thick, tough zona pellucida until 
the blastocyst stage is achieved, this method of twinning seems unlikely 
There art several other methods by which twins may onginate spontane- 
ously (i) two blastoderms (or inner cell masses) anse by subdivision or 
segregation, and each develops an embryonic axis (Figs 128 A and 129 A), 

(2) separate organization centers appear on a single blastoderm (Fig 129 B) , 

(3) a single organization center subdivides by fission or budding Whether 
any particular specimen of sporadic twinning that is recovered at a later 
date (Fig 128 B) belongs to type (2) or (3) cannot be established The 
Texas armadillo, which produces quadruplets regularly (Fig 128 C), utilizes 
first (2) and then (3) Joined twins (Fig 129 C) probably result (a) from 
incomplete subdivision of an embryonic axis rather than (6) from the 
secondary fusion of separate axes In the last analysis twmning of any 
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sort must be mterpreted m terms of otgamzaUon centers— whether separate 
from their first establishment as such, partiallj fused, or pnmanl> single 
but with incomplete to complete subdivision The cntical time for tu inning 
IS before gastrulation (i, a) or during gastrulation (3, a, 6) 

The frequeney of multiple births vanes considerably m difTercnt coun 
tries and races As the term is popularly employed, twins occur among 



Tio 139— Manner of OfiRin of single ccRltnns (after Streeter Comet and Taunrctithcr) A, 
Hypolheticnl stage of separate inner cell masses in a tnammalnn blastocyst B, Hypothetical 
stage of two embrjornc axes on a sinple embiyomc disc C, Partnllj double cmbr>o of the chick 




Fio 130 — Condition of the fetal membranes m the two types of human twins (after Bumm) 
A, Ordinary double egg twins with individual chonons and placentas B, True or single-egg 
twins with a sinj,le ehonon and placenta Cut sjrfaces deciduae thick white ammons thin 
white chonons black 

American whites once in 87 confinements, triplets have a frequency of 1 
(87)^ and quadruplets 1 (87) * S« appears to be the maximum number of 
simultaneous births that is well authenticated A distinction must be 
drawn between false and true twins The simultaneous birth of two or 
more human babies is most commonly due to the development of a corre- 
sponding number of eggs which were discharged from separate follicles, 
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became fertilized by different sperms and implanted individually in the 
uterus (Fig 130 A) Such ordinary or fraternal Unns, tnplets, etc are 
contained within individual chonons The fusion of these separate sacs 
into one is not known to occur in man where the intervening decidual 
tissue may block actual merger, just as it does in specimens of apparently 
fused placentas The individuals may be of the same or opposite sex. and 
they have only the general degree of famil> resemblance as occurs m 
brothers and sisters of different ages Properly speaking they are not twins 
at all, but merely members of a litter 

Quite different are the true, or *idcnttcaV twins which are always of the 
same sex and so stnkingly similar in physical, physiological and mental 
traits that only rarely is their diagnosis difficult This close duplication 


IS enforced by their denvation from a single egg, 
whereby each member acquires the same chromoso- 
mal and cytoplasmic constitution Because they 
develop from a single blastocyst, human identical 
twins are contained within a common chononic sac 
and have a common placenta (Fig 130 B) The 
umbilical cords, however, are usually separate and 
the same is true of the amnions The claim that the 
separation of blastomeres into two units during 
cleavage results in some identical twins possessing 
individual chononic sacs needs more ngid proof 
than has yet been advanced ’’ At birth the practical 



diagnosis of single-egg twins is made when they are pm —Acardiac 
monochononic Tnplets, quadruplets, etc may be human fetus attached 


all identical or a mixture of identical and ordinary 
individuals One third of all Amencan twuns are 
of the one-egg type, whereas in Japan the frequency 


to a placenta whose um 
bilical cord belonged to a 
full term normal twin 
(after Barkow) 


IS said to be three fourths ® Multiple ovulation, and 


hence ordinary twinning, tends to run in some family lines, and probably 


the same is true of one-egg twinning 


Anomalies — Sometimes an identical twin is smaller than its mate and incapable of 
separate existence after birth In this instance the heart is either rudimentary or lacking, 
and there is a corresponding degree of dependence on the normal twin for some or all of the 
blood supply This supply may be direct, because of union betw een the tw o bodies (Fig 133) 
or indirect through the medium of a common placenta (Figs 78 B and 131) Such a twin with 
a deficient heart, or no heart at all, is an acardtus It vanes in form from moderate deficienaes 
to complete amorphism 

Ver> rarely identical twms are conjoined as a ‘double monster ’ The degree of union 
may be slight or extensive, and the possession of a single or double set of mtemal organs 
^es with the intimacy of the fusion at an> level Union is by the heads, upper trunks or 
lower trunks the jommg in each case may be by the doreal, lateral or ventral surfaces (Fig 
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J32) Sometimes there is a marked disparity in the size of the two components, m such 
instances the smaller is called a parasite (I ig 133) llie gcnfral pnnciples of causation, as 
established bj expenment (p x08), have a special application m binls and mammals Doubl 
mg of the head and upper trunk is due to the chorda mesoderm splitting into two streams 
dunng the forivard movements of gastnihtion through the pnmitive streak Doubling of 
the lower trunk results somewhat later when the caudallj retreating pnmitiva: streafc and 
knot produce a forking divergence 



Fio 132 — Symmetrical, conjoined twins A, Ventral union of heads, a similar face occurs 
on the other side of the head D, Ventral union of thoraces C, Lateral union of loner bodies D 
Dorsal union in sacral region 



Fig 133 — Unequal conjoined twins one a parasite A Attachment to head of host, E, C at 
tachment to middle trunk D attachment to rump 


TERATOLOGY 

Teratology is the subdivision of embryology that deals with abnormal 
development and its end products It is recognized that the body and its 
organs always display some individuality in size, form, architecture or 
position There are no ngid boundanes to this ‘normal vanation,’ and any 
competent anatomist can set his own standards of normahty When, how- 
ever an organ or orgamsm clearly oversteps what can reasonably be ac- 
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cepted as a permissible range of variation, then the condition is knonn as 
an auomaly or malfonnatwn Continuous gradations connect the normal, 
slightly abnormal and severely abnormal Since the roughing out of the 
human body and its parts occurs largely in the early weeks of development, 
most anomalies dale from that time Contrasted against these congenital 
anomalies, existing at birth, are those defects which are acquired secondarily 
through such means as structural weakness and disease About one newborn 
in 165 cames a major malformation, either external or internal , the incidence 
in aborted fetuses is still higher 

Anomalies fall into several categories that indicate the general nature 
of the defective development 

1 Developmental Failure — The pnmordium fails to appear, or at least 
does not develop to a significant degree Agenesis denotes this condition 
Examples absence of arm or kidney 

2 Dnelopmcntal Arrest — Progressive development falls short of com- 
pletion, examples cleft palate, undescended testis Temporary structures 
or states persist, examples anal membrane, umbilical hernia Normal 
growth fails , examples dwarfism , infantile uterus 

3 Developmental Excess — Growth is exaggerated example gigantism 
Normal numbers are increased, examples digits, twins Organs over- 
migrate, examples thyroid, ovary Processes exceed normality, exampk 
obliteration of mesocolon 

4 Misplacement — Organs occupy abnormal locations (but not by 
arrest of normal shifts) Examples transposed viscera, palatine teeth 

5 Fttstoit or — Examples horse-shoe kidney cleft ureter 

6 Atavism — Ancestral recurrences (,p 19) Examples azygos lobe 
of lung, as in quadrupeds, elevator muscle of clavicle, as in climbing 
pnmates 

In subsequent chapters the more important anomalies will be mentioned 
and explained The ‘explanation’, however, wall often be superficial and 
unsatisfactory because response, differentiation and growth are conditioned 
by numerous factors Not only may a specific malformation be produced 
in vanous ways, but also the same kind of disturbance may cause different 
types of malformation The factors controlling general and differential 
gro^vth have been discussed already (p 8 and ii) In the present chapter 
the importance of potency, inductive stimuli, pattern-forming influences, 
competence, proper timing and dosage to determination have been made 
clear Some abnormalities, ordinarily sporadic, become established in 
certain lines as hereditary characteristics, mutations of this kind have 
been induced expenmentally by bombarding genes with X-rays In general, 
the influence of genes (dominant or homozygous recessive) that affect dif- 
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T32) Sometimes there is a marked dispant> m the size of the t«o components in such 
instances the smaller is called n pitrastte <I ig 133) The general pnnaplcs of cnusation, as 
established eTpenment (p 168), have a special application m birds and mammals IJoubl 
mg of the head and upper trunk is due to the chorda mesoderm splitting into trvo streams 
dunng the fon\ard movement- of gnstrulalion through the primitive streak Doubling of 
the lower trunk results somewhat later when the couda!I> retreating pnmitivc streak and 
knot produce a forking divergence 



Fic 132 — Symmetneal, conjoined twins A, Ventral union of heads a similar face occurs 
on the other side of the head B, Vcntnl union of thoraces C, Lateral union of low er bodies D 
Dorsal union in sacral region 



TEEtATOLOGY 

Teratology is the subdivision of embryology that deals with abnormal 
development and its end products It is recognized that the body and its 
organs always display some individuality in size, form architecture or 
position There are no ngid boundaries to this ‘normal vanation ’ and any 
competent anatomist can set his own standards of normality When, how- 
ever an organ or organism clearly oversteps what can reasonably be, ac- 



PART II. SPECIAL DEVELOPMENT 


CHAPTER X 
EXTERNAL BODY FORM 

Tissue combination m definite patterns creates still higher units of 
organization, the organs Groups of organs associate as organ sjsions 
nithin the orgamsm, or embryo as a whole The development of an organ 
IS brought about by the co-operati\e activities of morphogenesis and histo- 
genesis (p 14 ^ ) It is usual to refer to these joint efforts as organogencsts 
An organ (e g , the stomach) has one tissue predominantly important 
(1 e , its lining epithelium), while the othei^ (i c , the muscular coats and 
connective-tissue layers) are accessory Whenever an organ is said to 
onginate from a certain germ layer, only its primary tissue is meant, the 
stomach, therefore, is entodermal A few organs, like the teeth and supra- 
renal glands, have equally important parts denved from two germ layers 



Fig 134 — Skulls of the newborn (/I) “ind idtilt (P) drawn to the same face height to illustrate the 
rehtive loss in si-’c of the neural skeleton (Scammon) 


The assumption of the vertebrate type of organization by the embryo 
and its general shaping into human form were traced in a previous chapter 
A systematic examination of the developmental history of the organs and 
parts that make up man will occupy Part II of this book 
THE HEAP AND NECK 

Body-building begins in the head region where it gams an early ad- 
vantage and acquires a favored blood supply For a long time the head is 
disproportionately large In Figure 74 the future cervical somites are 
midway along the embryo The gradual adjustment of size relations ma\ 
be traced m Figure 4 
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ferentmtion and the rate and timing of developmental processes is of the 
utmost importance Each developing organ or part passes through an 
individual critical penod (or penods), dunng which time it is susceptible 
to influences brought to bear on it Other parts arc not sensitive, at that 
particular moment, to the same factors The action of such dtffercnltal 
suscepHbthty can be tested in lower forms by altering the external environ- 
ment It should be sufficient merely to state that the world-wide super- 
stition that fnght or accident to a pregnant mother can ‘mark’ her unborn 
babe in a correlated way is not even a possibility 
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pouches (Fig 1 71) The ectoderm of each groove and the entodemi of its 
complementary pouch then meet and unite, the thm plates thus formed 
only rarely rupture and complete the gill-slit condition 

The first branchial arch on each side bifurcates into a maxillary and 
a mandibular process (Fig 74) The last arch lies caudal to the fourth 
cleft and is poorly defined along its postenor margin Dunng the sixth 
week the second arch overlaps the next three and obscures them (Fig 74 B), 
the more caudal arches sinking into a triangular depression called the 
cervical sinus At least that part of the sinus that contains the fourth and 
fifth arches closes off,' whereupon its ectodermal-lined cavity promptly 
detaches and obliterates (Fig 75) Thus, after a short existence of t-no 
weeks, the branchial arches largely disappear as such and the resemblance 
to the ancestral gilled condition comes to an end 

Various muscles, bones and blood vessels differentiate from the mesen- 
chymal cores of the arches, while their epithelial covering and lining have 


A B C 

Fig 136 —Relation of the branchial arches (numbered) to the ventral surface of the human neck 
(after Trazer) 

other, distinctive fates Moreover, the entodermal pouches, whose later 
sites can be observed in Figure 137 A, give nse to important denvatives 
The completion of these transformations marks the appearance of a neck 
which IS characteristic of ammotes alone This part of the body results 
from an elongation of the region between the first branchial arch and the 
early pericardium (Fig 136) The second and third arches, at least, can 
be seen to contribute to its ventral surface ^ The heart itself is left behind, 
but all the structures that connect head with thorax (t e , vessels, nerves, 
muscles, digestive tube, respiratory tube) participate in the elongation 
The detailed histones of all denvatives from the branchial-arch system 
Will be treated in later chapters, and at present only the final results will 
be summanzed in a table (p 178) 

Anomalies — Imperfect obliteration of the branchial 'clefts’ leads to the formation of 
cervical (branchial) cysts or fistuUe (Fig 137 B) Some blame the second cleft and the 
«mcal sinus for these abnormalities,* while others consider the third pharyngeal pouch 
(through remnants of its thymic stalk derrvatne) to be chiefly responsible ^ 
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The Head — The cephalic end of an embryo js composed of two portions 
almost from the start One is neural in nature and includes the brain, eyes 
and internal cars, as well as their supporting structures The other is the 
facial or visceral part, it contains the upper ends of the alimentary and 
respiratory tracts The neural portion is much the larger in >oung embryos 
and this supremacy is never lost completely, although the subsequent 
differentiation and growth of the nose and jaws reduce the early dispanty 
m size (Fig 134) 

, Anomalies— Crn»MOic//ijw, or open roofed skull, ts usually assoaated with virtual 
absence of the brwn (I ig 135 A) Iftcfocrp/mlm describes a smaU mnuim housing an 
undersized and undcrdei eloped bnin {It) At the other extreme is an abnormallj large 
head (viacroctpfialus) which accommodates a brain swollen by the cxccsstic accumulation 
of ccrebro spinal fluid h\drocepliohn also designates the same condition (Q Tlie expanded, 
macroocphalic cnnuim liears numerous siiiiemumcrarj (ttormian) Ixincs in its indened 
sutures Various distortions of the normal sizcil tranutm (as\mmctncal conical, wedge 



Fig 13s — Malformations of the human emmum A Cnnioschms oracrama iti a newborn B 
micfoceph ilus C macroocphalus or hjdroccpinlus D wcdge-shnpcil cranium 


shaped) depend upon the premature closure of some sutures while growth continues os 
usual along other bon> margins (J?) 

The Branchial Arches and Neck — The construction of a face and neck 
IS closely bound up with the history of the branchial arches These are 
bar-like ndges, separated by grooves, which appear on the ventrolateral 
surfaces of the embryonic head during the fourth week (Figs 73 and 74) 
They correspond to the gill arches of fish^ and some amphibians In these 
animals the arches actually bear gills and are separated by clefts through 
which respiratory water flows Each arch contains a cartilaginous core, 
and a blood vessel (aortic arch) which interconnects the dorsal and ventral 
aortffi, in addition, there are appropriate muscles and nerves The branchial 
arches of amniote embryos do not acquire gUls The human embryo de- 
velops five arches, separated by four ectodermal branchial grooves At tfie 
same levels as these external grooves the entoderm of the pharynx pushes 
aside the mesenchyme and bulges outward to become the pharyngeal 
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pouches (Fig 171) The ectoderm of each groove and the entoderm of its 
complementary pouch then meet and unite, the thin plates thus formed 
only rarely rupture and complete the gill-slit condition 

The first branchial arch on each side bifurcates into a maxillary and 
a mandibular process (Fig 74) The last arch lies caudal to the fourth 
cleft and is poorly defined along its postenor margin Dunng the sixth 
week the second arch overlaps the next three and obscures them (Fig 74 B), 
the more caudal arches sinking into a tnangular depression called the 
cervical stmts At least that part of the sinus that contains the fourth and 
fifth arches closes off,^ whereupon its ectodermal-lined cavity promptly 
detaches and obliterates (Fig ?5l Thus, after a short existence of two 
weeks, the branchial arches largely disappear as such and the resemblance 
to the ancestral gilled condition comes to an end 

Vanous muscles bones and blood vessels differentiate from the mesen- 
chymal cores of the arches while their epithelial covenng and lining have 



PiO 136 — Relation of the branchial arches (numbered) to the \ entral surface of the human neck 
(after Frazer) 


Other, distinctive fates Moreover, the entodermal pouches, whose later 
sites can be obser\ed m Figure 137 A, give rise to important denvatives 
The completion of these transformations marks the appearance of a neck 
which IS charactenstic of amniotes alone This part of the body results 
from an elongation of the region between the first branchial arch and the 
early pericardium (Fig 136) The second and third arches at least, can 
be seen to contribute to its ventral surface ‘ The heart itself is left behind, 
but all the structures that connect head with thorax (t e , vessels, nerves, 
muscles, digestive tube, respiratory tube) participate in the elongation 
The detailed histones of all denvatives from the branchial-arch system 
will be treated in later chapters, and at present only the final results will 
be summanzed in a table (p 178) 

Anomalies —Imperfect obliteration of the branchial ‘clefts’ leads to the formation of 
cervical (branchial) evsts or fistui® (Fig 137 B) Some blame the second cleft and the 
rewical sinus for these abnormalities,' while others consider the third pharyngeal pouch 
(through remnants of its th>mic stalk denvative) to be chiefly responsible ^ 
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Ctmcal cysts are closed, epithelial sacs uhich may be den\ed either from an ectodermal 
groove or the complementar\ , entodermal pouch (Similar c\ sts occur also along the mid- 
dorsal hne, nhere the neural tube was rolled in, and at the seams of fusion of the several 
faaal components ) Incomplete reduction of the branchial ‘clefts’ giv es nse to ccrvtcal 
fistule, which are of two t>pes \ complete fistula is an open communication between the 
pharynx and the external surface of the neck (Fig 137 C) it is due to the total failure of an 
open cleft to close Incomplete fistulT are blind ccracal diicrhctila leading outward from 
the pharynx or inward from the skin of the neck, they correspond to the entodermal pouch 
or ectodermal groov e, respectn ely 

The Face — The development of the jace is managed chiefly by the 
bulging region ventral to the fore-brain and by the first pair of branchial 
arches The emerging ejes and nasal (olfactory) pits are also intimately 
concerned, in fact, just as the snout constitutes most of the face of low 



Fig 137 — AwomaUes of the pnmvtive branchial apparatus in man A, Left half of an adult 
head to indicate the final Sites of the embryonic pouches /-/F (after Corning) B Preferred lo- 
cations of cervical cysts, diverticula and fistulse C, Cervical fistula of second pouch ongin 


vertebrates, so in mammals a first step in face-construction is the develop- 
ment of the nasal cavities 

An early stage of the face is shown in Figure 138 A where the expansive 
fronto-nasal process represents much of the front of the head The nasal 
pits are present and the first branchial arches have not only bifurcated into 
maxxllary and mandibular processes, but the mandibular portions have 
already united as the loiver jaw Each nasal pit is soon bounded by a prom- 
inent lateral and median nasal process {B), at this penod the nasal pitsf 
communicate by a groove with the mouth cavity, just as in sharks Pres- 
ently the median nasal processes fuse with the maxillary processes (C) and 
become compressed toward the median plane (D) The compound product" 
of these unions constitutes the tipper jaw Each lateral nasal process 
likewise joins the maxillary process of the same side The lateral nasal 
processes become the sides and wings of the nosi, whereas superficially the 
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maxillary processes famish the adjacent check regions At the same time, 
the upper portion of the onginal fronto nasal process becomes the jorchcad 
Its downward continuation, located between the foreheid and median 
nasal processes, is the so called tnanRular area {B) It cIcYates slowly into 
the dorsum (bndge) and the apc\ of the nose The vanous fusions between 
the facial components, as well as similar unions clsc\/hcrc in the developing 






Fig 138 — Devclopreent of the human face (adapted after Peter) A At 6 mm (X 14) B at 10 
mm (X 11) C at 15 mm (X »o) D, at 20 mm (X 7 5 ) 

embryo, take place much after the manner of simple wound healing The 
final relationb of the several components are indicated in Figure 139 A 

The development of the human face occurs chiefly between the fifth 
and eighth weeks When first fonned, the nose is broad and flat, with the 
nostnls set far apart and directed forward (Fig 138 C) In later fetal 
months the bndge of the nose is elevated and prolonged into the apex, and 
the nostnls point downward (Fig 139 B) Accompanying this relative 
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narrowing of the nose, the head broadens behind the eyes and causes them 
to be directed forward, in this way binocular vision becomes possible in 
primates ’ The zone between the median nasal processes is evident as the 
permanent phtltrnm, or median groove of the upper Iip This median 
region often continues downward into a distinct labial tubercle (Fig 139 A) 
The lateral margins of the median nasal processes are indicated by angular 
indentations of the upper lip, best seen when the mouth is either open and 



Fio 139 — A, Defimtue contnbutions of the facial components S Profiles illustrating the 
changes m the form and proportions of the face throughout the life span (Scammon) 


relaxed (Fjg 140 A) or uhen puckered (B) The hps begin to split away 
from the gum regions of the jaws in the seventh week The original lateral 
extent of the motdh opentng is at the point of 
bifurcation of the maxillary and mandibular 
processes (Fig 138 C) Later this broad sht is 
reduced markedly in its lateral extents m this 
way the cheeks are established and the lips be- 
come pursed The chin is a median projection 
grown forward from the fused mandibular proc- 
esses Progressive modeling of the face con- 
tinues throughout childhood and even until 
the individual becomes full grown (Fig 139 B) 

Anomalies — The relati\ el> frequent occurrence of malformations of the face is explained 
by the comple’citj of the de\ elopmental processes m this region General failure of the usual 
transformations results in a featureless face (aprosoptis) The lower jaw may be retarded 
{microsuallius) ot Q\en absent (.(l^nalftHs, Ftg 141 4 ) The pnmitive mouth slit sometimes 
fails to reduce normally (macroslomus, Fig 460) on the contrary, the normal degree of 
closure may be exceeded {inicrosto?nus, Fig 482 O and e\en complete atresia (asionms) is 
knowm Fetal or infantile nose shapes are not mfrequently retained 

A median defect of the upper lip or jan, through incomplete union of the median nasal 
processes, is a rare anomaly (Fig 460) Equally rare is imperfect fusion at the midplane 
bet:^\een the mandibular processes which fashion the lower lip and jaw (Fig 141 B) Oblique 



A B 


Fig 140 — Junction of the 
median nasal and maxillary 
processes as marked by angles 
in the adult upper lip (Lewis) 
A Mouth open and relaxed 
B mouth puckered 
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facial cleft descnbcs a slanting cleft that extends fnim the mouth up the cheek (/?) It is 
due to the failure of union between a maxillarj process and the nasal prtxesscg I ig 139 
A) Among the commonest of human anomalies is hare Up, or cheiloschists This malfor 
mation is poorh termed since it is not median like the notched upjxjr lip of the hare Hare 
hp IS usually unilateral and on the left side (Pig 141 C) but it ma) be double (Z?) The defect 
can involve either the fleshy lip or bony upper jaw alone, or both together The cause lies 
in the faulty fusion of the median nasal and mixillary prtKcsscs Sometimes the condition 
of hare lip is also combined with cleft pahtc Double hare lip, whether accomjianied by 
cleft palate or not, may result in the incisive bone (1 e , the prcmaxilla, formed from the 
median nasal processes) projecting beyond the surface of the face this defect is designated 
u olf SUOItt 



Fro 141 — Malformations of the humvn hce A, Agnathus B oblifjue faei il cleft and median 
cleft of lower lip, C, umhtcnl hare lip D, bilateral hare lip of the type called 'wolf snout ’ 

PATES or THE FACIAL COMPONENTS (EXCEPT E\ES) 


CMHRVONlC PART 

rUStlY 01 KtVATtVLS 

nOSV DCRiVATlVES 

'JpTOntal process 

Forehead 

Frontal 

'•Triangular area 

Dorsum and apev of nose 

Nasal 

Median nasal processes 

Fleshy nasal septum 

Median part of upper Iip and 
gum incisive papilla 

Ethmoid (perpendicular plate) 
Vomer 

Premavilla (mcisive bone) 

^Junction of median naral proc 

Philtrum and frenulum 

Labial tubercle 


Lateral nasal process 

Side of the nose 

Wing of the nose 

Maaillary (frontal process) 
Lacnmal (?) 

Junction of lateral nasal and 
maxillary process 

Naso lacnmal duct 


Maxillary process 

Upper bp and gum laterally 
Upper chedc i^ion 

Maxillary 

Zygomatic 

Mandibular processes 

Lower bp gum and chm 

Lower cheek r^tons 

Mandible. 
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The Sense Organs — The eye, ear and nose will be considered in detail 
in Chapter XXI The development of the e\temal nose has been desenbed 
in preceding paragraphs dealing with the face The eye makes its appear- 
ance in the early weeks, and by the second month lids are present (Fig 
138) For a time the eyes are placed laterally and far apart, but gradually 
this distance is reduced The external ear is developed around the first 
branchial groove by the appearance of small tubercles that combine as the 
auricle (Figs 75 and 77 E~G) The groove itself deepened into the external 
auditory meatus 

Anomalies — Sec Chapter XXI nose (p 485) c>e (p 4 q 6) car (p 506) 



Fio T42 -A- F, Spinal cur\atures atvanousages \icned from the nght side (Scammon) C,H 
Recession o{ the coccyx (arrow) between the tenth fetal week and birth (Schultz) 


THE TRUNK 

In young embryos the tnmk is like a cylinder, flattened by lateral 
compression (Fig 74) Its external contour is made irregular by the bulging 
heart and liver During the early fetal period these \isceral organs become 
less dominant, and the muscles and skeleton of the trunk also appear The 
trunk then acquires an ovoid form, circular in section (Fig 77) From the 
third fetal month through early infancy there is relatively little change in 
the trunk proportions When erect posture is assumed, the dominance of 
the thorax and abdomen is reduced and the lumbar region gams in prom- 
inence and relative length The thorax of the newborn is rather conical 
and thickest below, due to the nbs being more honzontal In childhood 
the thorax becomes barrel-shaped — that is, broadest at its middle 

The C-shaped curvature of the fetal body straightens in the newborn 
(Fig 142 A-D) The permanent curvfcs of the spinal column appear partly 
through the pull of the muscles, and are not pronounced until posture be- 
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comes erect {E, F) The embryonic tail is at its relative maximum at the 
end of the fifth week when it is one sixth the length of the cmbiyo Dunng 
the succeeding four weeks it disappears from external view, partly through 
actual regression, moreover, the coccyx, which represents the remnant of 
a tail, recedes to a higher position in relation to the buttocks {G, li) Ihc 
coccygeal fovea, or postanal pit, of a newborn marks the site where the 
coccyx disappeared below the surface (Fig 143 IS) 

Anomalies — A grave defect results from incomplete closure of the body wall along its 
midventril line (Figs 143 A and 302 A) This is knonn ns gaslroseliisis, or, if the thorax be 
involved as well, Ihoraco j^astroschtus Protrusion of the viscen depends on the degree to 
which the bodj wall is deficient and on its extent A kindred malformation is cleft spine 
{rachtschtu^), consequent on the failure of the neural tube and vertebral column to close 
normally (Fig 143 C) 



A B C 


Pic I43 — Malformations of the human trunk /I, Gastroschisis with protrusion of the ab- 
dominal viscera B Tail of an infant (X I), this specimen was soft but slightl> mobile and is 
shown in its contracted state above is a coccygeal fovea C Rachischisis or cleft spine 

The embryonic tail has been known to persist and even increase to extraordinary size 
(Fig 143 B) Specimens as long as 3 inches have been recorded in the newborn most of 
these are soft and fleshy, but a few have contained skeletal elements Some tumors of the 
coccygeal region are attnbuted to the abnormal activit) of residual prmiitive knot tissue 
(the end bud) 

THE APPENDAGES 

The hmh buds appear late in the fourth week as lateral swellings but, 
due to the early dominance of the head-neck region, the arm buds seem to 
be located far down the body (Fig 74) The distal end of a limb bud 
flattens (Fig 144 A, E) and a constriction divides this paddle-like portion 
from a more proximal, cylindrical segment {B, F) Later, a second con- 
stnction separates the rounded part into tw) further segments {C, G ) , the 
three divisions of arm, forearm and hand, or thigh, leg and foot are then 
respectively marked off Radial ndges, separated by grooves, first foretell 
the location of digits (C, G) These elongate into definitive fingers or toes 
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and rapidly project beyond the original plates, the latter, by a slower rate 
of gro\\th, become restricted to uebs between the basal ends of the digits 
{D, H) The thumb early separates widelj from the inde\ finger, and the 
same is true of the great and second toes 

Of the two sets of limb buds the upper pair appears first, begins its 
differentiation sooner and is earlier m attaining its final relative size Not 
until the second year of postnatal life does the leg equal the arm in length, 
its contmued faster elongation throughout childhood is a conspicuous 
feature of postnatal development (Fig 4) 

The limbs as a whole undergo se\ eral changes of position At the v ery start the\ point 
caudad, but soon project outi\ard at right angles to the bodv viall Next, the\ are bent 
directh \entrad at elbow and knee, so that the elbow and knee then point outward (hterad) 
and the palm and sole face the trunk naturalh the thumb (radial) side of the arm and the 



Fig 144 — Stages in the development of the huimn limbs between the fifth nnd eighth weeks 
X6 Upper row', upper limb lower row lower limb 

great toe (tibial) side of the leg constitute the cephalic borders of their respective limbs 
Fmallv , both sets of limbs undergo a torsion of 90" about their long axes, but m opposite 
directions As a result, the (straightened) elbow points dorsad, the r'ldial side of the arm 
becomes the outer border (when radius and ulna are parallel), and the palm faces ventrad 
Comersel>, the (straightened) knee points ventrad, the tibial side of the leg is the inner 
side, and the sole of the extended foot faces dorsad Bj following through these changes it 
Will be seen that the radial and tibial sides of arm and leg are homologous, as are palm and 
sole, elbow and knee 

Anomalies — The limbs ma> either fail to develop at all or become mere stubs {ameh<s, 
^ 145 A) Sometimes the proximal segments of an extremity are normal w hile the distal 
portion IS deficient and tapers to a stump {hemtmelus, A ) The rev erse condition has at least 
the proximal segment missing, whereupon the hand or foot seems to spnng directh from 
the trunk, like a seal’s flipper {phocomelns, B) More or less complete union of the legs 
produces the siren or mermaid condition {sympodta, B) Rarely the hands or feet have 
missing digits, including the split or ‘lobster datt* condition (C) Opposite in nature is a 
partial duplication (dtcliirus, D), which is merely an extreme example of the common poly 
dactyly (£), usually charactenzed by the addition of but a single digit The bony fusion or 
fleshy webbing of digits {s%ndacl\ly, F) favors the umon of the middle and third digits Ab- 
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normal shortness of the digUs is hrachydact^ty, it is due either to the orrnwion of phalanges 
or to marked shortness of an otherwise normal set The opposite tendency is hyperphalan 
gtsvi, in which supemumerar)' phalanges are intcniolatLd m the citstomar) digital senes All 
of these malformations of hands and feet tend to be strongl) hcntable 

Cliibfioiid or chihjoot is said bj some to result from pnmar> defects m the differentiating 
limb buds , others urge that clubfoot is csscntnll> a retention of a transitory condition normal 
to the early fetus* Congenital elevation of the shoulder results from an arrested descent 
of the upper hmb from its cervical, cml)r>onic position Congenital dislocation at the hip 
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Fig 145 —Malformations of the human limbs A, Hcmimclus in arms and nmcltis m legs, 
B phocomelus in arms and s>mpodia mtegs, C, cleft, or lobster claw’ hand, Z>, dichirus, or double 
hand £, pol>dactyly F, s>ndact>l> 

]oint comes from a failure of the outgrowths that normall) produce a bnm about the socket 
floor Intra uterine amputations (at any level) sometimes occur, the cause is mtnnsic, due 
to focal detenoration, and not the result of constriction b> a looped umbilical cord or ammotic 
bands* 
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CHAPTER XI 
THE DIGESm'E SYSTEM 

The pninarv tissue of the entire digestne sistem is entoderm This 
epithelial Ia^er onginalh lines the whole \olk sac but a regional difference 
in the shape of the entodermal cells is apparent Irom the first (Fig 65 4) 
Those that underlie the embri, onic disc (and ser\'e as a flat roof to the earh 
\olk sac) are taller than the rest they are the ones that are destined to 


Oc'f- 



Fig 146 — Entoderm! tract early human m 'section -1 ^t «e\ en <a3’mtes 

(Prentissr ifter Mall X 53) B At ten (ifte^ Corner X 30) 


become gut-entoderm ^^^le^ at the twentieth dai , the rapidh expanding 
embr\onic disc begins to fold into a (^lindncal embrjo (p 99) its gut- 
entoderm participates as a component Ia\er Pushing first into the head 
end and then into the hind end of the c^ Imdncal body the entoderm neces- 
sanh takes the form of two internal blind tubes opening by so-called 
mtestmal portals where the\ 30m the \olk sac The two tubes are named 
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normal shortness of the digits is brackydact)ly, it is due either to the omission of phalanges 
or to marked shortness of an othcnvise normal set The opposite tcndenc) is fiyperphalati~ 
gism, in which supernumerary phalanges arc interpolated in the customary digital senes All 
of these malformations of hands and feet tend to be strongly heritable 

Clubhand or chibjool is said by some to result from pnmary defects m the differentiating 
limb buds, others urge that clubfoot is essentially a retention of a transitory condition norma! 
to the early fetus * Congenital elevation of the shoulder results from an arrested descent 
of the upper limb from its cervical, embryonic position Congenital dislocation at the hip 
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Pig 145 — Malformations of the human limbs A, Hcmimclus m arms and amelus m legs, 
B phocomelus m arms and sympodia m legs C cleft,or*Jobstef daw’ hand, i),diehirus,ordouble 
hand £, polydactyly, syndactyly 

3omt comes from a failure of the outgrowths that normally produce a bnm about the socket 
floor Intra uterine amputations (at any le\el) sometimes occur, the cause is intrinsic, due 
to focal deterioration, and not the result of constriction by a looped umbilical cord or amniotK. 
bands* 
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CHAPTER XI 
THE DIGESTIVE SYSTEM 

The pnman tissue of the entire digesti\e s\stem is entoderm This 
epithelial la\er onginalU lines the whole >olk sac but a regional difference 
in the shape of the cntodermnl cells is apparent from the first (Fig 63A) 
Ihose that underlie the embnomc disc (and serve as a flat roof to the earlv 
>olk sac) are taller than the rest the> are the ones that are destined to 
Chono" 



Fic 146 — Entodermil tract of early hum'in embryos, m sagitta! section /I At se\ en somites. 
(Prentiss after Mall X 23) B At ten somites (after Comer X 30) 


become gut entoderm When, at the twentieth day, the rapidly expanding 
embryonic disc begins to fold into a cvhndncal embiyo (p 99), its gut- 
entoderm partiapates as a component la>er Pushing first into the head 
end and then into the hind end of the cvhndncal bodj the entoderm neces- 
sanh takes the form of two internal blind tubes opening hy so-called 
intestinal portals where thev join the >olk sac The two tubes are named 
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normal shortness of the digits is braebidactyly, it is due either to the omission of phalanges 
or to marked shortness of an otherwise normal set The opposite tendency is hyperphalan 
gism, in which supernumerar> phalanges are mtcrpolatcd in the customary digital senes All 
of these malformations of hands and feet tend to be strongl) hcntablc 

Clubhand or clubjool is said by some to result from pnmary defects m the dilTerentiating 
limb buds, others urge that clubfoot is essentially a retention of a transitory condition normal 
to the earlj fetus * Congenital elevation of the shoulder results from an arrested descent 
of the upper limb from its cervical, cmbrjonic position Congenital dislocation at the htp 
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Fro 145 — Malformations of the human limbs A, Hemimclus m arms and amelus in legs, 
B, phocomelus in arms and s> mpodLi in legs, C, cleft, or 'lobster claw’ hand D, diehirus or double 
hand £ polydact^ly F, syndactyly 

joint comes from a failure of the outgrowths that nonnall> produce a bnm about the socket 
floor Intra uterine amputations (at any level) sometimes occur the cause is intrinsic, due 
to focal detenoratiOQ, and not the result of constriction by a looped umbihcal cord or anmiotic 
bands * 
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Jorc-giit and hud-gut (Fig 146) An intermediate region, open vcntrally 
into the yolk sac through the narrower yolk stalk (Fig 14S), is sometimes 
termed the uud-gut, but its existence m man is brief since the yolk stalk 
constricts rapidly dunng the fourth week and detaches from the gut at the 
end of the fifth week Both the fore gut and the hind gut elongate and 
broaden by interstitial growth, so as to approximate the growth of the em- 
bryo as a ivhole 

The pnmitive, tubular gut difTcrcntiates into the alimentary canal 
which has three chief segments the mouth, pharymt and digestive tube 
The latter division includes the esophagus, stomach, small intestine and 
large intestine, it lies m the body cavit> and is suspended or held m place 
by nncsentoncs (Fig 207) The fore-gut transforms into mouth, pharynx 
and dig€sti%e tube to a point far along the small intestine The hind gut 



Fig 147 —Human stomodeum "ind oral membtanc X 30 /I, Boundaries of the stomodeuoi 
and a partlj pertoraleU oral membrane shown in front view at 2 5 mm B Relation of 
« toderm (full hne) and entoderm (broken line) in this region illustrated by a sagittal section 
at a 5 nun 

becomes the rest of the small intestine, and the colon and rectum besides 
Throughout its length the entodermal digestive canal gives nse to numerous 
derivatives, chief of which are the respiratory tract and the thy roid, para- 
thyroids. thymus, liver and pancreas The entoderm furnishes merely the 
epithelial lining of the digestive and respiratory tracts, and the characteristic 
epithelial parts of the other organs The vanous glands, both large (such 
as the liver and pancreas) or small (like the gastric and intestinal glands), 
are pnmanly growths from out the lining epithelium All of the accessory 
coats of the gut-tube develop from the unsegmented sheets of splanchnic 
mesoderm and are added as secondary investments 

At each end the gut comes ventrallv into direct contact with the ecto- 
derm The fused plates, thus produced, are the oral (or pharyngeal) mem- 
brane and the cloacal membrane (Fig 148) The oral membrane mokes a 
floor to an external depression ^own as the oral fossa, or stomodeum, this 
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fossa IS bounded by the fronto-nasal, maMllary and mandibular processes 
(Fig 147) and is brought into existence b> the overjutting of these parts as 
the head grons forward Midway m the fourth week (2 5 mm embrjos) 
the oral membrane ruptures and the oral fossa and fore-gut merge (Fig 
148 B) The stomodeum develops into the front part of the mouth which 
IS, therefore, ectodermal 

The caudal end of the entodcrmal tube becomes the cloaca, or common 
vent At an early stage it gives off the allantois (Fig 148) and soon receives 




Fig 148 — Entodermal tract shown in hermsections of human embr\os A At 2 5 mm , with 
eightfen somites (X 35) B At 2 5 mm , with tucnt> three somites (after Thompson X 38) 

the unnaty and genital ducts (Pigs 171 A and 182) Even before these 
connections are complete, the cloaca begins to subdivide into a dorsal rectum 
and a ventral bladder and tirogemtal sinus (Fig 185) By the end of the 
seventh w eek the cloacal membrane has separated into an anal and urethral 
region (Fig 186) , following this the two membranes rupture and disappear, 
and the diMsion of the cloaca is concluded Each of the new canals (rectum 
and urogenital sinus), so formed, acquires thus simply its individual opening 
to the outside ' The end of the hmd-gut 13 then lined for a short distance 
with ectoderm, and this portion (the so-called proc-iodettm) constitutes the 
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anal canal It will be noticed that the pnmitive entodcrmal tube extends 
caudad a little beyond the cloacal membrane (Pigs 171/! and 182), this 
iail-gui, or postaml gut, dwindles dunng the fifth week and soon disappears 
How rapidly all these changes occur may bo appreciated by companng 
embryos of four weeks (Fig 184) with those two or three weeks older 
(Figs 185 and 186) 

THE MOUTH 

After the loss of the oral membrane it is impossible to determine the 
exact junction of ectoderm and entoderm in the mouth The inherent dif- 
ficulties arc increased by a considerable ‘displacement* caudad of the dorsal 
line of union The plane dividing ectoderm from entoderm is then a slant- 
ing one which passes forward from the beginning of the pharjnx to the floor 



Fig 149 — Isolated epithelium of the jaws showing the labial and dental laminae (after (R6-e) 
A At two months (X 8) B, at three months wath pnmordn of milk teeth (X 9) 

of the mouth next the low er gum This means that the roof and much of 
the sides of the pnmitive mouth are ectodermal Specifically, the nasal 
passages, palate front of the tongue and vestibule are considered to be 
covered with ectoderm, the enamel of the teeth and probably the salivary 
glands are likewise ectodermal denvatives Although these vanous struc- 
tures do not belong among the entodermal organs, it is simplest to desenbe 
them with the digestive and respiratory systems of which they are func- 
tional parts A further denvative of the ectodermal stomodeum is a dorsal 
inpocketmg, known as Rathke s pouch, which becomes the epithelial hy- 
pophysis (Fig 147 B) Its point of ongm marks the caudal extent of 
ectoderm in the completed mouth (Fig 166) 

Lips and Cheeks — Until the end of the sixth week the pnmitive jaws 
are solid masses which do not show any subdivision into lip and gum regions, 
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as IS the permanent condition in animals below mammals The sepaiation 
of a hp from its respectne gum is foreshadowed by the appearance of a 
thickened band of epithelium (Fig 150 B) This labial lamina grows from 
the ectodermal covenng of the pnmitne jaw into the mesoderm beneath 
Following the contour of the jaw, it makes a long, curving band which 
deepens into a partitioning plate (Fig 149 A) Progressive disintegration 
of the more central cells causes each plate to split into two sheets (Fig 150 
rl, C) In this manner the lips become separate from the gums by the 
tenth week, and the epithehal-lmed labial groove, so formed, deepens into the 
vestibule Mesially the splitting is not so deep, thus leaving the frcnitlum 
The checks come into existence chiefly through a reduction in the extent 
of the onginally broad mouth opening this results from progressive fusion 
of the lips at their lateral angles The labial and buccal muscles differ- 



Fio 150 — De\elopiTient and relations of the labnl and dental lamin'c, demonstnted by 
sections throui,h the human loiser j A Sagittd section, at nme v.eeks to explain the areas 
included in B and C (X to) B Labio dental lamina at seven necks (Rose X 90) C, DetTil 
at nine weeks of the area set ofT m A by a broken line (Rose X 45) 

entiate from the mesench> me of the second branchial arches t\ hich migrates 
between the epidermal covenng and mucosal lining of these parts 

The Teeth — Histoncally the teeth are products of the skin and both 
the epidermis and conum contnbute to their formation but it is the ectoderm 
that plays the leading role and exerts an organising influence A tooth is 
a greatly modified connective tissue papilla that has both undergone a pecu- 
liar ossification into dentine and become capped by a hard tnamcl elaborated 
from the epidermis In addition, the base encrusts with ccmcntiini, a bony 
deposit The teeth have a double source of origin in the embr\'o The 
enamel is from ectoderm, the dentine, pulp and cement are mesodermal 
There are tv. o generations of teeth in man and most other mammals but 
no essential difference exists between the development of the temporary 
(milk) teeth and the permanent ones Since the pnmordia of the temporary 
dentition arise first, they will be described first 

The earliest indication of oncoming tooth development is an epithelial 
plate the dental lamina which anses dunng the seventh week just gumward 



192 


THE DIGESTIVE SYSTEM 


of the labwllamina, already described (Figs 149 yl and 150 J?) Thedental 
lamina soon becomes a honzontal shelf which projects perpendicularly from 
the labial lamina and extends well into the substance of the primitive gum 
(Fig 150 /t, C) Each dental lamina thereby courses alongside the curving 
labial groove and lies just gumward of it (Fig 149 A) At intervals along 
the epithelial lamina there develops simultaneously a senes of knob like 
thickenings called the cuamcl organs, which both produce the enamel and 
serve as the molds for the future teeth (Fig 151 A, B) Early in the third 
month the deeper side of each enamel organ presses against a dense accumu- 
lation of mesenchyme (Fig 150 C), the epithelial surface of contact both 
buckles inward (< c , invaginatcs) and grows around the mesenchymal mound 
until the whole enamel organ is hollowed like a thick cup (Fig 151 C~E) 
The concavitj , formed in this manner, is occupied by the condensed mesen- 



Fio 151 — Development of the enamel organs shown by models (after Eidmann) 


chj- mal tissue of the dental papilla which is destined to differentiate into 
dentine and pulp (Figs 152 and 153) An enamel organ and its associated 
dental papilla are the developmental basis of each tooth Ten such pn- 
mordja of the deaduo is or mtlk teeth are present in each jaw of a ten-weeks’ 
fetus (Fig 149 B) The nedv of the enamel organs and much of the dental 
lamina break down in later fetuses (Fig 151 However, the onginal free 
edge of the lamina persists longer and gives nse to the pnmordia of the 
permanent enamel organs 

The Enamel Organ —This pnmordium gradually becomes a double- 
walled sac, composed of an outer, convex wall {outer enamel layer) and an 
inner, concave wall {inner enamel layer) (Fig 152) Between the two is a 
filling of looser celU {enamel pulp) which transforms into a stellate retic- 
ulum The enamel organ first encases the crown portion of the future tooth, 
molds Its shape and deposits enamel there Later the enamel organ elon- 
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gates and similarly models the root portion of the dental papilla ’^hich 
seemingly organizes under its influence (Fig 155 A) In this region it is 


Dental lamtna 



Fio 152 — Pnmofdium of a human tooth, at three months, shown tn section (Prentiss) X 70 



Pig 153 — Sectioned human lower jaw, at three months with a tooth pnmordium tn stlu (Pren- 
tiss) X 14 


Called the epithelial sheath of the root, here the middle, pulp constituent of 
the typical enamel organ is lacking 
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Neither the outer enamel cells nor the enamel pulp contnbute directly 
to tooth development, although the building materials of enamel must pass 
from the nearby blood vessels through their loosely arranged tissue It is 
interesting and perhaps significant that the epithelial sheath of the root, 
lacking pulp, deposits no enamel In the region of the future crown of the 
tooth the cells of the inner enamel layer become columnar and are desig- 
nated ameloblasis (enamel formers), for they produce enamel at their ‘free’ 
surfaces (Fig 154) The enamel substance anscs first as a cuticular secre- 
tion from the end of an ameloblast, calcification of this ‘Tomes process' is 
secondary Continued enamel formation produces elongate enamel prisms 
one for each ameloblast, which become cemented together (Fig 155 O As 


*—Tov.ard labial grooie 




Fig 154 — Diflerentiation of a human masor shoun m sections A Deciduous and per 
manent pnmordia at seven months fX 40) B Detail of the area indicated b> a rectangle in A 
(Toumeux X about 300) 

the enamel layer thickens, the ameloblasts retreat in a centnfugal direction 
until finally the internal and external layers of the enamel organ meet 
Enamel is first deposited dunng the fifth month at the apex of the crowoi 
(Fig 154 A) , the process spreads downward in a progressive manner so that 
the ameloblasts of the neck region are the last to become active Premolar 
and molar teeth have a separate cap of enamel for each cusp , these eventually 
meet and merge into a compound crown (Fig 156) The remains of the 
enamel organ constitute the transient dental cttUcula (Nasmyth’s membrane), 
seen on the crown of the newly erupted tooth * The inner enamel cells of 
the epithelial sheath of the root remain more cuboidal in form and do not 
produce enamel 

The Denial Papilla — ^At the end of the fourth month the superficial 
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cells of the dental papilla organize under the direction of the enamel epi- 
thehum® and arrange themselves in a definite layer that simulates a columnar 
epithelium (Figs 154 and 155 /i) These specialized, connective-tissue cells 
are given the name of odontoblasts, but that they are solely responsible for 
all of the dentine substance has not been demonstrated convincinglj The 
fibnls of the early dentinal matnx seem to be continuous \\ith those coursing 
iNithin the papilla as a uhole (Fig 155 This soft, fibnllar predentine 
then calcifies into the definitive dcntmc, or dental bone Whether the odon- 
toblasts lay down the predentine fibnls is debatable, more likely they are 
somehow concerned with the subsequent deposit of calcium about them In 
any region of the tooth, dentine formation precedes slightly the appearance 
of enamel, calcification of all the teeth begins in the fifth and SKth fetal 
months 

As Mith enamel, the dentine la>cr is hid down first at the ape\ of the 
crown (or cusp) and then progressive!) toward the root (Figs 154 A and 
156) As the layer thickens, the odontoblast cells retreat before it and so 
alwajs maintain a more central position Yet, dunng the recession, 
branched processes of the cdontoblasts (the dentinal fibers of Tomes) are 
spun out and remain behind in the dentine where they occupy tiny dental 
canaliculi (Fig 154 D) The whole odontoblast layer persists throughout 
life and intermittently lays down dentine, so that eventually the root canal 
ma> be obliterated The crowns of the milk teeth are not completed until 
4 to 12 months after birth, and only then is root development begun As 
a preliminary the epithelial sheath elongates, and within this tube the pnm- 
itive connects e tissue is stimulated to condense and organize as it did m 
the crown The epithelial sheath of a prcmolar or molar tooth branches 
and hence the root comes to have fangs Growth of the roots is completed 
dunng the third to fourth year of childhood 

The more central mesenchyme of the dental papilla, internal to the 
odontoblast layer, differentiates into the dental pulp, popularly known 
the ‘nerve’ of the tooth (Fig 155 A, B) This is composed of a framework 
of reticular tissue which binds together blood vessels, lymphatics and nerve 
fibers 

The Dental Sac — The mesenchymal tissue surrounding the developing 
tooth IS continuous ivith that of the dental papilla Outside the tooth it 
differentiates into ordinary connective tissue which constitutes the so-called 
dental sac (Fig 155 A) In the region of the future root the dental sac 
takes on three important functions (i) Beginning at the time of eruption 
its inner cells differentiate into a layer of cunentohlasts With the progres- 
sive disintegration of the epithelial sheath in a downward direction, these 
cells deposit upon the dentine an encrustation of specialized bone, known as 
cementiim Deposition proceeds from the neck region downward (?) 
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Dunng the penod of tooth development there has been steady progress m 
the ossification of the jaw hone In the region of the teeth the external 
surfaces of the dental sacs become active in producing alveolar bone, since 
each tooth comes to be surrounded with spongy bone, it occupies its indi- 
vidual compartment (crypt) As a tooth is cut and its root grows to full 
length, the bone-hned socket (1 c , alvcoUts) reaches a definitive state (3) 


Denial ia« 



Pio 15s — Later tooth differentiation shown m scftions. A Milk mcisor of a newborn 
dog tn silu {Stohr X agi B Relation of pulp fibnls to the fibnlhr matrix of dentine (aftar 
V Korff, X 350> C Groivih of enamd pnsnw from amdoblasts (X looo) 


The fibrous sac itself consolidates into the thin periodontal membram which 
holds the tooth in place by embedding its marginal fibers both in the cement 
and in the wall of the bony socket 

Eruption —Progressive growth of the root and other unknown factors 
combine in pushing the crown out of its bon> crypt through the overlying 
giun and to the outside The penods. of eruption of the vanous nnlk^ or 
dcciduQUS tieth vary with race dimate and nutritive conditions Usually 
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they are cut, completed and shed in about the following sequence after 


birth 

Erupt 

Completed 

Shed 

Median Incisors 

6- 8 months 

2 jears 

7 years 

Lateral Incisors 

7- 8 “ 

2 '* 

8 “ 

First Mohrs 

12-16 ' 

2 \ “ 

10 “ 

Canines 

16-20 “ 

3 

II “ 

Second Molars 

20-30 * 

3 “ 

II “ 

The Penuauent 

Teeth — This dentition develops 

essentially like the 


temporary set The enamel organs of those permanent teeth that corre- 
spond to the milk dentition anse between the si\th and eighth fetal months 
m another senes along the free edge of the disintegrating dental lamina 
(Figs 151 E and 156) Located at similar intervals as the deciduous teeth, 



Pig 156— 'Model showing the rehtton of n humin milX molar and a permanent premolar 
to the dental lamina (adapted after Rose) X 7 At the left a permanent mohr is developing from 
a backward extension of the dent d lamina 


thej come to he on the lingual side of them In addition three molars not 
represented in the pnmary dentition are developed on both sides of each 
jaw from a backivard-grow mg free extension of the dental lamina (Fig 156) 
The pnmordia of the first permanent molars are present at birth, those of 
the second molars six months later, while indications of the third permanent 
molars, or ‘wisdom teeth,' are not found until the fifth year Provision for 
the permanent dentition of thirt>-two teeth is then complete The earliest 
calcification has begun in the newborn, but the last tooth to calcify does 
not begin until the ninth year 

The permanent teeth grow slowly for a while, but later they progress 
more rapidlj and press against the milk teeth (Fig 157 The roots of 
the latter then undergo partial resorption, whereupon their dental pulp is 
liberated The combination of tissue loosening and pressure from the per- 
manent teeth leads to the shedding of the milk teeth This, in turn, permits 
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the permanent set to remodel and occupy the vacated alvcoU, and to erupt 
Toward the sixth >ear, before the loss of the deciduous teeth begins, each 
jaw may contain twenty si\ teeth (B) The permanent teeth arc cut and 
completed as foilows 


First Mohrs 
Median Incisors 
I atcral Incisors 
Canine. 

First Premohrs 
Second Prcmol irs 
Second Mol irs 

Third Molars (Wisdom Teeth) 


Lruf^ 

6 - 7 venrs 
0 - 8 

7- g “ 

0 't 2 " 

10^13 “ 

10- l 2 ' 

11- 13 " 

I7-Jt ’* 


ComflHei 
10 year: 

JO 

i-l ‘ 

13 ” 

14 * 

i«5 

IS'33 ' 



Fio J57 — Rcbtions of the human deciduous and pemnnent te«th A Alilfc cmine vith 
eroding root, and a permanent canine at four years sectioned m situ (X 3) B, The two dcnti 
tions atfive>ears (Sobotta) 


The teeth of vertebrates are bomologues of the placoid scales of eJasmo- 
branch fishes (.s-harks and skates) The teeth of the shark lesemble enlarged 
5>cales, and many generations of such teeth arc produced in the adult fish 
In some mammals thrte, or even four dentitions occur The pnmitne teeth 
of mammals were of the canine t>pe and from this conical tooth the incisors 
and molars have arisen Just how the cusped tooth differentiated — whether 
by the fusion of onginally separate units or by the development of cusps on 
a single pnmitiv e tooth — is debated 
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Dental 

lamina 


Enamel organs 
o£ deaduous 
teeth 


SUMMARY OF RELATIONS IN TOOTH DEVELOPMENT 

Mam lamina Degenerates (including necks of enamel organs) 

’ Outer enamel lajer 1 Pathway for enamel Dental 
Enamel pulp / forming materials cuticula 

Inner enamel lajcr — ♦ 

Determines shape and size of crown 
Organizes papilla and its odontoblast layer 

f Dctermmts shape and size of root 
pit e la s eat y Organizes root papilla ind its odontoblasts 
Free edge — ♦ Enamel organs of permanent teeth (eacept molars) \ Fates as 
Backward extension ^ Enamel organs of permanent molars J above 
•» . ^ Dental pulp 

Dental ( \ Fibnllar basis of dentine (?) | 

panilla I . 1.1 .. 1 /' Calcifies dentine (?) / 

P P ] Odontoblast lay er <; ^omi) 


Dental f rvgion -♦ Osteoblasts -* Alveolar bone of jaw \ 
< Middle region — * Fibroblasts — * Pcnodontal membrane / 
[ Inner region — * Cementoblasts — * Cementum 



Fio 158 — Supernumerary teeth m a milk dentition An additional incisor (•) occurs in regular 
line w hile an ectopic mol ir is located on the palate 

Anomalies —Dent'll anomalies include irregularities in number, size, shape, structure, 
position and eruption There may be a congenital absence (anodoiilta) of some or all of 
the teeth, or a production of more than the normal number (Fig 158) Supemumcrarv 
teeth in abnormal locations (c g , the palate) arise from ectopic tooth pnmordia which ha\e 
suffered displacement (Fig 158) Reprcsentatixes of a third dentition have been recorded, 
and sometimes fourth molars develop behind the wisdom teeth Teeth have been observed 
m which, owing to a defect of the enamel organ the enamel was wanting Imperfect teeth 
are frequentlv associated w ith hare lip Epithelial remnants of the dental lamina mav giv e 
rise to cysts of various kinds located in the gum 

The Oral Glands — The glands of the mouth are especially character- 
istic of mammals the only animals that chew their food The> are usually 
regarded as ectodermal denvatnes, although the site of origin of the sub- 
maxilUry and sublingual glands with respect to the vanished oral membrane 
is not surely known All of the salivary glands have a common plan of 
ongin and development * The pnmordium anses as an epithelial bud and 
grows by branching into a bush-hke system of solid ducts, whose end-twigs 
round out into berry-like, secretory acini (Fig 159 B) Secondary hollow- 
ing of the whole system and specialization of the acmal cells complete the 
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epithelial differentiation A dense mass of mesenchyme, in which the epi- 
thelial pnmordium lies, furnishes an enveloping capsule and subdivides the 
gland into lobules 

The paired paioUd glauds are the first to appear In the sixth week 
(ro mm ) a keel-shaped, epithelial flange has been observed, near each angle 
of the mouth, growing awa> from the groove that wll divide cheek from 
gum (Fig 159 A) The flange elongates and, m embiyos of seven weeks, 

Afatn duel 


A B 

Fig 159— Ongin and pronth of human salivjf> j;hrcls A, Sites of ongin shown b> a 
diagrammatic section acro!>s the jans nt about tu-o months (X 15) B, Detail of the branching 
submaxilliry ghnd at two months (X 70) 



Roof of prtmtlive mouth 





Suhhnguat gland 
' Suhmetxtllary gland 



Fig 160 — Location of the major salivary gland!> in a newborn X 1 

separates from the parent epithelium A tube is then formed by hollowing 
and this grows backward toward the ear It soon branches and differen- 
tiates into the body of the gland while the stem portion of the tube becomes 
the parotid duct opening into the vestibule (Fig 160) Acmal cells are 
present at five months but, as with the other glands, differentiation is not 
complete until some time after birth 

Each submaxtllary gland also arises at the end of the sixth week (12 
mm ) as an epithehal ndge, located m the groove between the low er jaw 
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and the tongue and at one side of the midplane (Fig 159) The caudal 
end of the ndge soon begins to separate from the epithelium and e\tend 
bdckisard and vcntrad beneath the loner jaw , here it enlarges and branches 
into the gland proper (Fig 160) The mam stalk, separating m a rostral 
direction, persists as the submaxillary duct and opens at the side of the 
frenulum of the tongue 

Each sublingual gland appears dunng the eighth week as several solid 
buds of epithelium growing downward from the groove between the lower 
jaw and tongue (Figs 153 and 159 d) This group, located just lateral 
to the subma\illar> pnmordmm, consists of the sublingual proper, with its 
major duct (of Bartholin), and of about ten equivalent smaller glands, each 
with a minor duct Grow th is slower than m the subma\illary gland The 
glands he alongside the tongue and beneath it (Fig 160) The major duct 
opens just lateral to the subma\illar> duct or it may join it 



1 10 161 — SipTfdtjon of the hunnn ms.il and onl ca\ities b> the palate A ^ledjaJ 
half of the left nasal sac, at 12 mm (ifter Shaeffer X 45) S, Lateral half of the nght nasal 
sac at se\en weeks (X 12) C Relation of the fet d palate and nasal septum demonstrated b> 
a median sectusn (after Frazer) 

The smaller oral glands (labial, buccal and palatine) are aggregates that 
anse at about three months from multiple epithelial buds m their respective 
locations 

Anomalies — There ma> be an absence of anj of the sain ar> glands Accesson glands 
occur, as do imperforate ducts which lead to retention cjj>ts 

The Palate — ^The mammalian palate is a device for separating the 
mouth from the nasal respiratory passages and thus subserving the func- 
tions of mastication and suction The two nasal cavities are at first repre- 
sented by olfactory pits which quickly enlarge into blind sacs, as in adult 
sharks The floor of each deepening sac then comes to overlie the roof of 
the front part of the pnmitive mouth and is separated from it by a mem- 
brane only (Fig 161 A) The thinning membranes rupture dunng the 
seventh week and so create two internal -i. 
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(Fig 163 /I) For a short time the two choanic open directly into the pnm 
itive oral cavity whose roof is merely the base of the skull, this simulates 
the permanent condition in amphibia Houever, the definitive nasal pas- 
sages oresently bdeome separate by the partitioning o(T of a portion of the 
mouth cavity and the adding of this to their ongmal extent The new 
passages then communicate with the pharynx b> secondary, definitive 
choancE The honzontal septum, which thus divides mouth from nasal 
passages, is the palalt (Fig 162 B), the details of its fonnation will next be 
dc scribed 

The pnmordia of the palate arc two shclf-like folds that grow from 
the maxillary-process components of the upper law toward the midplane 
of the mouth cavity (Figs 161 B and 163 A) In their growth mesad 



Fig 162 — Formation o{ the human palate dcmonstrxted by sections through fetal heads 
X ii A At eight necks (after Keibel) B at ten tveeks (after Kalhus) An asterisk in A marks 
the region of cell proliferation tint swings the palate folds upward 

during the seventh and eighth weeks theye lateral palatine processes encounter 
the tongue, which nses high at this penod, and are forced to bend down- 
ward (Fig 162 A) A little later the tongue is withdrawn, due to its 
flattening combined with a general sinking of the mouth floor, and the lateral 
palatine processes are then able to bend upward to the honzontal plane (B) 
This shift in position is presumably due to a faster rate of growth on their 
under surfaces ^ 

The halves of the palate unite, first with each other and then with the 
nasal septum Beginning in the nmth week, this fusion progresses rapidly 
from in front backward (Fig 163 B) Comcidently bone appears in the 
front part and forms the hard palate Transverse ndges (to aid in the grind- 
ing of food) are developed in the mucosal covenng of the hard palates of 
most mammals, their reduced state in man (more so in the adult than 
in the fetus) is perhaps corrdated with the soft nature of his food {C) 
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More caudad (where union with the nasal septum does not occur, Fig 
161 C) ossification fads This region constitutes the soft palate, the halves 
of Its free ape\, the neiila, are commonly still notched at birth (Fig 163 O 
The folds of the soft palate are invaded from behind by tissue from the 
third branchial arches, this is responsible for those backward prolongations 
of the palate, known as the palatine arches, which delimit oral cavity from 
pharyn\ From the same source comes the mesenchj me that differentiates 



Fig 163 — Development of the humm p^^ate Mewed from the oral side ^ 1 , At eight 
weeks (after His, X g) B, at nine weeks (after Peter X 9) C ne\%bom (X J) D, infant skull 

(X J 5 > 


mto the muscles of the palate The completed palate shows a median 
seam, or raphe, indicative of its bilateral ongin 

The median nasal processes, which participated so conspicuously in 
the formation of the face, also develop so-called median palatine processes 
(Fig 163 A ) , the latter do not contnbute to the palate itself but become 
the premaxillary portion of the upper ]aw (Fig i6i) ' Fusion between the 
median palatine processes and the palate is incomplete, so that in the mid- 
plane there is a gap, the mcisive foramen, flanked by the mcisix canals 
(of Stenson) (Fig 163 D) These become covered with mucous membrane 
10 
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{mcistvc papilla, C) although they sometimes are still open at birth, as is 
the permanent condition in most mammals {cf Fig 459 A) 

Anomalies — The lateral palatine processes occasionallj fail to unite properl> , thereb) 
producing a malfonnation known as tlrjt palale, or uranoschtsis (Fig 164) The cMent 
of the defect vanes considcrablj In some persons it involves the soft palate alone and 
then 15 median m position By contrast, clchs m the hard palate tend to he at one side 
of the tnidlme Both hard and soft paHtes may be involved in the same individual Cleft 
palate not infrequently is associated with single or double hare lip 



Pio 164 —Cleft palate, combined with right sided hare bp, m a human newborn 



Pio 165 — Devdopment of the human hj'poph>si* showTi by sagittal sections (after Atwell) 
X 3S A h\, eight weeks B, at eleven weeks 


The Hypophysis ' — The hypophysis, or pituitary body, is an endocrine 
gland of double ongin One part, obviously glandular in nature, is epith- 
elial , the other component, not so plainly secretory is a specialized exten- 
sion from the brain wall The epithelial hypophysis develops from the 
ectoderm of the stomodeum, which in early stages is adherent to the floor 
of the fore-brain (Fig 182)* Dunng the subsequent growth of these parts 
and the filling-m of mesenchyme between them, both layers become draw n 
out into hollow diverticula (Fig 147 E) 

The stomodeal pocket, known as Rathke’s pouch, is located onginaliy 
just in front of the intact oral membrane In embryos about 3 mm long 
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this pouch IS a distinct, shallow sac which quicHy enlarges and flattens 
against the hollow extension from the floor (infundibulum) of the forebram 
(Fig 55 ') The latter IS the future neural lobe of the hypophysis Mean- 
while the connection of Rathke’s pouch with the oral epithelium has elon- 
gated into a stalk which lags in development and vanishes by the end of the 
second month (Fig 165 ,, 4 ) A previous page describes how, after the 
disappearance of the oral membrane, the stomodeum adds substantially to 
the pnmary mouth cavity In this merger the onginal, virtually external 
site of ongin of Rathke’s pouch comes to be located well back on the roof 
of the pnmitive mouth (Figs 185 and 186) Still later, when the pilate 
separates off the nasal passages, it lies at the dorsal and caudal border of 
the nasal septum (Fig 166) 

Dunng the third and fourth months the hypophysis attains its charac- 
tenstic shape and organization (Fig 163 B) The cavity of the closed 
pouch becomes the rcstdnat itwicn of the adult gland , the final condition in 


jeptum 



Fig 166 --Relations of the hj'pophji.is and pharyngeal h>’pophjsis of the newborn shown 
in median section X i 


man is unique since this lumen becomes reduced to cysts or even obliterates 
completely * The rostral nail of Rathke's pouch thickens greatly and dif- 
ferentiates mto the glandular cords of the anUnor lobe, these are separated 
by abundant sinusoids That portion of the wall between the lumen and 
neural lobe (onginally the ape\. of the pouch) remains thin and constitutes 
the pars mtcrmedta, in man it forms epithelial cysts, but is not prominent 
Another glandular region, the pars Uiberalts, e\tendb along the rostral border 
of the infundibulum It develops from the fusion of a pair of early lateral 
lobes which bud off from the mam pouch, close to the attachment of the 
temporary epithelial stalk ^ The tubular pnmordium of the neural lobe is 
transformed into a solid club, composed of nerve fibers neuroglial tissue 
and spindle-shaped cells of uncertain nature A permanent infundibular 
stalk connects the neural lobe with the brain 

^oraalies — The course of the stalk of Rathkt's pouch is sometimes perpetuated by a 
canal in the sphenoid bone Notable among the aaressory glands that miy occur along this 
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pathwa> IS a constant mxss located between the nasal septum and the pharjngeal tonsil 
(Fig i66) It IS loiown as the pliaryngeat hypophysis 

THE PHARYNX 

Because the pnmjtivc pharynx js the source of numerous organs, jts 
developmental history is necessarily complex In spite of this, the funda 
mental importance of the pharynx would scarcely be suspected from its 
adult simplicity and unspectacular r 61 e as a common comdor for crossing 
pathways for air and, food Most of the developmental complexities occur 
dunng the transitional penod when the mammalian embryo passes from a 
stage in which the pharynx is arranged as for branchial respiration to a 
stage in which the breathing of air ig anticipated Naturally the parts 
altered most profoundly are the branchial arches and pharyngeal pouches 
themselves In addition to the remodeling that is necessary to provide 
for the mammalian method of chewing and swallowing, various other con- 
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Fig 167 — The tongue at nbout four necks, ui diagrnmmntic sagittal section A, General 
rehtions B, detail of A 

versions occur The pharynx proper becomes a muscular funnel, lined for 
the most part with a stratified epithelium 

The Branchial Arches — In a previous chapter (p 176) were desenbed 
the general relations and significance of the branchial arches These ances- 
tral gill arches are converted into numerous things — including the neck, jaws, 
face and external ear, already discussed (p 177^), and various arteries, 
muscles, cartilages and bones to be considered in later chapters On the 
floor of the pharynx they contribute especially to the tongue The nearby 
larynx, also of branchial-arch origin belongs to the respiratory system 

The Tongue — This organ develops from the ventral ends of the bran- 
chial arches It consists of two different parts — one oral in origin, the other 
pharyngeal (Fig 167) The oral portion comprising most of th^body, 
occupies the definitive mouth cavity It arises from the mandibular arches, ' 
in front of the oral membrane, and hence is covered with ectodermal epith- 
elium This part of the tongue bears papUlse and is concerned with mas- 
tication The pharyngeal portion is the--rwf It develops primarily from 
the union of the second branchial arches but receives important contn- 
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butions from the third and, apparently, the fourth at well h 
entodermal-covered root becomes infiltrated with lymphoid tissue and is 
concerned with swallowing The 3unction between ectoderm and entoderm 
IS in front of the row of vallate papillx, whereas the body and root are 
demarcated by a V-shaped groove, the terminal sulcus, behind them 
(Fig 168 Z}) 



A 


B 



Median suleus'-y 
Futtgi/orm papiHa ~r~' 
Body of longue 
FoUate papillx~\. 
Vallate papilla 

Foramen esrcum and 

terminal sulcus j)v 
Root of 

Epiglottis- 



C D 

Fig 168 — Development of the human tongue, viewed from tbove A, At 6 mm (Le> 
figure shows section planes of /l-Q B, at 9 mm C at 15 mm D at birth (X i) Distinctive 
markings indicate the contnbutions of the branchnl arches The tuberculum impar is desig 
nated by circles and at its base a lai^er circle indicates the foramen caicura 


In embryos of four weeks (5 mm ) the oody of the tongue is indicated 
by three pnmordia These are the paired lateral swellings of the first 
branchial arches, which latter have fused as the mandible, and the median, 
sometvhat tnangular tuber ciilum impar (te, unpaired tubercle) wedged in 
between them (Fig 168 A) At the same time the future root is repre- 
sented by a median elevation, brought into existence by the union of the 
bases of the second branchial arches, and for this reason named the copula 
(le, a yoke) Between the tuberculum impar and the copula is the point 
of ongin of the thyroid diverticulum (Fig 167) This site becomes second- 
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anly depressed into a prominent pit which occupies the apex of the terminal 
sulcus and constitutes the permanent landmark knoi^m as the foramen 
ccDcum (Fig i68 D) 

The individual components of the tongue arc in process of fusion dunng 
the sixth week The lateral swellings of the first arches increase rapidly 
in size, unite ivith the tuberculum impar, and nearly enclose it (Fig i68 
B, C) In sharp contrast, the tubercle itself lags in development and 
becomes progressively less conspicuous In the end, it furnishes little or 
nothing to the final organ ” ” The plane of union of the tw o lateral 
swellings is indicated supcrficiall> by the median sulcus and internally by 
the fibrous, median septum The copula, together with the adjacent por* 
tions of the second branchial arches, enlarges greatly to produce the early 
root of the tongue {B) Eventually, hoiveier, this territory seems not only 
to be encroached upon by the third and fourth branchial arches (which 
pnmanly form the epiglottis, C), but there is a slipping forward of their 
mucous membrane as well 1 his conclusion is supported circumstantially 
by the fact that the sensory portions of the tngcmmal and facial cranial 
nerves (the nerves of the first and second branchial arches) ultimately supply 
the epithelium of the body of the tongue, while the glossopharyngeal and 
vagus nerves (the nerves of the third and fourth arches) supply the root 
Some stratification of the lingual epithelium occurs as early as the eighth 
week 

Continued expansion of the tongue both in length and breadth brings 
into existence a deep, n*shaped furrow at the front and sides which will 
make this organ partly free and highly mobile (Fig i68 C) At the same 
time (seventh week) , the tongue elevates and assumes prominence through 
the differentiation of striated muscle internally (Fig 153) This muscula- 
ture IS innervated by the twelfth, or hypoglossal nerve, and both nerve and 
muscle belong ancestrally to the region caudad of the branchial arches It 
IS believed that during phylogeny the tongue migrated cephalad and in- 
vaded the branchial region, retaming its nerve supply the while Such an 
invasion would also explain satisfactonly the forward dislocation of the 
mucosa, already mentioned Nevertheless, it must be admitted that if the 
muscle so migrates in present-day embiyos, it does this in a diffuse con- 
dition which IS difficult, if not impossible to trace Except for slight indi- 
cations suggestive of migration,’® the muscles of the tongue appear to anse 
in situ from the mesenchyme of the luches that make up the floor of the 
mouth ” 

^ The Imgual papillas'* are confined chiefly to the oral, or masticatory 
part of the tongue (Fig 168 D) In fetuses of 9 and 1 1 weeks, respectively, 
the fungiform and filiform papilla: may be distinguished grossly as elevations 
of the mucosa (Fig 169 A) The vallate papilla:, which are entodermal. 
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develop along a V-shaped epithelial ndge just m front of the terminal sulcus 
At intervals there appear about nine elevations (B) In the tenth v;eek a 
thickened, epithelial nng delimits each elevation, this nng then grows 
downward and takes the form of an inverted, hollow cone (C) Dunng the 
fourth month circular clefts split each epithelial collar {D) thus separating 
th^ sides of the vallate papilla from the surrounding wall and forming the 
trench from which this type of papilla derives its name {E) At the same 
time lateral outgrowths arise from the bases of the epithelial cones and 



A B C T> E 

Fig 169 —Models of developing Ungual papill® A Fthform and fungiform paptll® at eleven 
v.eeUs B-E vallate p\pil(a at two to five months Stages of Ebner 5 glands in D, E 


hollow into the glands of Ebner The foltaie paprllcc develop as parallel 
folds during the third month (c/ Fig 108 D) The taste buds of the mouth 
begin to be indicated at about eight weeks, the details 
of their development art given on p 479 One taste 
bud occupies the top surface of each fungiform papilla 
(Fig 169 A), while several buds charactenze an early 
vallate papilla {C, D) The latter taste buds vanish 
before birth and are replaced by definitive buds on the 
sides and on the trench wall (E) 

The lingual tonsil is foreshadowed m the fifth 
month by an infiltration of lymphocytes into the root 
of the tongue, whereas the pit-like crypts do not differ- --Anomalous 

entiate until the tune of birth (Fig 180) ongue 

Anomalies — Reduction or absence of the tongue, referable to developmental arrest, and 
bifid and tnfid tips, through persistence of the unfused apical components, are recorded 
(Fig 170) 

The Pharyngeal Pouches — ^The lateral walls of the entodermal pharynx 
give nse to a senes of paired sacculations that extend outward toward the 
corresponding ectodermal branchiaX grooves The earl> relations between 
these pharyngeal {branchial) pouches and the branchial grooves and branchial 
arches are illustrated in Fig i68 A The pairs of pouches anse in succes- 
sion in a caudalward direction Toward the end of the fourth week (4 mm ) 
five sets have been formed, the last pair being atypical and attached to the 
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fourth (Figs 171 B and 172) Meanwhile the pharynx has flattened dorso- 
ventrally and broadened at its cranial end, as a result, it is tnangular in 
outline 

Each typical pouch develops a dorsal and ventral wing (Fig 171 B, 
C) Also, in expanding, the pouch pushes aside the intervening mesen- 
chyme and comes into contact tvith the ectoderm of the corresponding 



Fig 171 — Early human pharynx shovm as models A Entodennal tract, at 5 mm , m 
ventral view (adapted b> Prentiss X about 25) B Flexed pharynx at 7 5 mm viewed from 
left side (after Kmgsbury X 40) C Pharynx, at 8 mm in obliquely transverse section (after 
Frazer) 

branchial groove The two layers fuse and thus produce a closing plate (C) 
Although the closing plates become perforate in human embryos only occa- 
sionally, each pouch and groove, nevertheless is homologous to a functional 
branchial cleft of fishes and tailed amphibia, their transitory appearance 
IS an illustration of an unerased an(»stral impnnt The first and second 
pharyngeal pouches of each side soon open into a broad, lateral expansion 
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of the pharynx (Fig 172 A) The third and fourth pouches grow laterad 
and communicate with the pharyngeal cavity through narrow ducts The 
fifth pouch IS merely a blind diverticulum As the head region thickens, 
the ectoderm of the branchial grooves also is draw n out into transient tubes 
leading inward to the closing plates, most striking are the subdivisions of 
the cervical sinus (Fig 172 A) 

The fates of the entodermal pouches are vaned and spectacular 
Although not continuing as parts of the digestive apparatus, their embry- 
onic relations justify their inclusion in the present chapter The first pouch 
retains its lumen and differentiates into the auditory {Eustachian) tube and 
the tympanic cavity of the middle ear The second is greatly reduced and 
becomes the fossa and covering epithelium of the palatine tonsil The third 
fourth and fifth lose all trace of a lumen and give nse to a senes of ductless 



Fig 172 — Human pharynx, modeled in dorsal view (after Hammar) A, At sit weeks (X 17), 
5, at eight weeks (X 14) 


glands, these are the thymus, parathyroids and uhtmobranchtal bodies 
Some variations in detail attend the fates of these pouches among vanous 
mammals 

The Auditory Tubes and Tympanic Cavity — It is customary to state 
that the dorsal wing of each first pouch expands during the eighth week 
into the tympanic cavity of the middle ear, whereas the rest of the pouch is 
drawn out into an auditory tube (Fig 172 B) However, the unconfirmed 
claim has been made that the tubo-tympanic region is really more complex 
than this since it absorbs the second arch and pouch and is then bounded 
caudally, in part, by the third branchial arch Simultaneously with the 
transformation of the first entodermal pouch, the overlying ectodermal 
groove deepens to produce the external acoustic meatus This canal leads 
inward to the closing plate which regains a middle layer of mesoderm and 
persists as the tympanic membrane (Fig 479) 
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The Palaltftc Tonsils — the growth and lateral expansion of the 
pharynx, the second pouch of each side is largely absorbed into the phaiy^n- 
geal wall (Fig 172) For many years it has been taught that the dorsal 
(some say ventral) angle of its cavity persists as the ionstUar Jossa, while 
the entoderm of the pouch furnishes the covering epithelium of the pahlme 
tonsil Later studies have cast some doubt on such a direct and contin- 
uous relation, rather it is urged that the tonsil develops at the general site 
of the second pouch merely because this is a neutral, favorable position in 
a region of marked growth shiftings‘* The ciypts ansc progressively m 
fetuses of three to six months as solid ingrowths from the epithelium (Fig 
173 A) They branch and hollow secondarily (IS, C) , many of the branches 
degenerate and reform after birth*® Lymphocytes appear in the third 
month (B) and organize as nodules after the sixth month, the arrangement 





Fio 173 —Devclopinent of the human palatmc tonsil A, Model of the cr>Pt sjstcm, at 
fourteen weeks (X iSj S, Vertical s«:tion, at fourteen weeks (X 35) C, Diasram'natic vertical 
section at four months 


of lymphoid tissue makes the tonsil temporanly bilobed (C) The per- 
manent location and relations of the palatine tonsil are shown m Fig 1 80 

Aaomahes — Cervical cjsts, blmd diverticula and complete fistulaj occur (Fig 137 
B, C) The> are usually related to the second (or third’) branchial clefts (p 177) 

The Thymus — Toward the end of the sixth week each third pharyngeal 
pouch shows a pronounced ventral sacculation (Fig^ 172 A and 174 A), 
and the whole pouch, accompanied by the detached cervical sinus, * is set 
free in the week following (Fig 174 B, C) At firi>t hollow, these thymic 
pnmordia rapidly become solid epitheUa! bars The low er ends enlarge and 
unite superficially dunng the wghth week to foreshadow the defimtive 
organ, yet the thymus never loses wholly its paired nature (Fig 175 A) 
The two lower ends are attached to the pencardium and gradually sink with 
the latter to a permanent position in the thorax (Fig 176) During this 
descent the upper ends become drawn out and finally vanish 

By the tenth week the original epithelium is transforming into a syn- 
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cytium that resembles reticular tissue (Fig 1755,6’) The thymic corpuscles 
(of Hasball) are usuall> interpreted as compact aggregates of enlarged 
reticulum cells, ^ although other interpretations are not lacking In all, 

o\er a million are formed At the end of the third month the thymus 
becomes increasingly lymphoid and is differentiating into a cortex and 
medulla ( 6 ) An origin of the charactenstic small 
cells of the thymus from entodermal reticulum has 
been asserted frequentl> , ^ but most investigators 
vien these elements as migratory lymphocytes that 
in\ ade the organ from n ithout “ Lobulation com- 



FiG 174 — The third and fourth phar>ngeal pouches of human embryos, shown as models 
(Weller) A, At 10 mm , m ventral view {X 65) B, C, Detached third pouches at 14 mm , 
hemisected (X 75) 



Fig 173— Glandular denvolnes of the human pharjn-s A Thyroid, parathyroid' and 
thjmi at tno months in ventnl new (after Verdun X 15) B, Thymus at seven weeks in 
section (X 200) C Thymus at three months m section (X 150) 



pletes the process ol morphogenesis The thymus enlarges steadily until 
puberty after which it r< grosses, although persisting in reduced form 
even into old age 

The ventral dnerticula of the fourth pouches produce rudimentary 
th^ic pnmordia in some mammals but such activity in the human embryo 
IS late, inconstant and not thoroughly traced 
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The Palatine Tonsils — By the gro'wth and lateral expansion of the 
pharynx, the second pouch of each side is largely absorbed into the pharyn- 
geal wall (Fig 172) For many years it has been taught that the dorsal 
(some say ventral) angle of its cavity pereists as the tonsillar Jossa, while 
the entoderm of the pouch furnishes the covering epithelium of the palatine 
tonsil Later studies have cast some doubt on such a direct and contin 
uous relation, rather it is urged that the tonsil develops at the general site 
of the second pouch merely because this is a neutral, favorable position in 
a region of marked growth shiftings '♦ The crypts arise progressively in 
fetuses of three to six months as solid ingrowths from the epithelium (Fig 
173 A) They branch and hollow secondanly (B, C) , many of the branches 
degenerate and reform after birth*® Lymphocytes appear m the third 
month (B) and organize ns nodules after the sixth month, the arrangement 
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Pig 173 — Development of the human pihtinc tonsil A, Model of the crjiit sj’stcm at 
fourteen weeks (X if») B Vertical section it fourteen weeks (X 35 ) C Diagrammatic vertical 
section at four months 


of lymphoid tissue makes the tonsil temporarily bilobed (C) The per- 
manent location and relations of the palatine tonsil are shown in Fig 180 

Anomalies — Cervical c>sts blind diverticula and complete fistula occur (Fif' 137 
B, C) They are usually related to the second (or third’) branchial clefts (p 177) 

The Thymus — Toward the end of the sixth week each third pharyngeal 
pouch shows a pronounced ventral sacculation (Figs 172 A and 174 A), 
and the whole pouch, accompanied by the detached cervical sinus, *‘ is set 
free in the week following (Fig 174 B, C) At first hollow, these thymic 
pnmordia rapidly become solid epithelial bars The lower ends enlarge and 
unite superficially during the eighth week to foreshadow the definitive 
organ, yet the thymus never loses wholly its paired nature (Fig 175 A) 
The two lower ends are attached to the pericardium and gradually sink with 
the latter to a permanent position in the thorax (Fig 176) Dunng this 
descent the upper ends become drawn out and finally vanish 

By the tenth week the original epithelium is transforming into a syn- 
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porated into the thyroid Some believe that the final fate of the ultimo- 
branchial bodies is degeneration,”’ others descnbe an actual conversion 
(‘induction’) of ultimobranchial into thyroid tissue, apparently through the 
dominating influence of a thsrroid envtronnient on a plastic, implanted 
tissue " Onlj to this degree, at best, are the ultimobranchial bodies 
‘lateral thyroid’ pnmordia 

The Thyroid Gland ’ —The mam mass of the thyroid gland develops 
from the ventral floor of the pharynx Embryos about 2 mm long have 
begun to invaginate an ontodermal iiockct in the midplane at the level of 
the first pharyngeal pouches (Fig 148) This lliyrnid dncritculmn quickly 
becomes a solid mass iihich lies at the bifurcation of the aortic trunk 
(Fig 167) and attaches to the pharynx by a nirroner neck (Fig 171 rl) 
Even at this stage (tour neeks) the diterticulum may be bilobcd (Pig 17S 
d) The neck is known as the Ihyro-glossal duel, for the reason that it 




Fig 178 — Development of the humnn thvroid gland, illustnted bv modeU (after ^\elle^ 
and Noms) 44, At 4 5 mm showing the bilobe<l pnmordmm nttached to the floor of thephirvnx 
(X 40) B, At 8 mm , honing theth>roglo^sd duct (X 40) C At seven webks (X 40 P, 
At nine weeks, showing (m section) folhcuhr cavities bt^mning to appear m beaded portions of 
the epithelial platts (X 40) h At three months, showing the subdivision of epithelium into 
follicles some of which are cut across (X 1 10) 

temporanly connects the pnmitive thyroid with the tongue which is forming 
from the phaiyngeal floor at the same time (B) . here it opens at the aboral 
border of the tuberculum impar (Pig 167) The thyro-glossal duct soon 
begins to atrophy (fifth to sixth week),” but its point of ongin on the tongue 
IS permanently indicated by an enlarged pit named the foramen c<rcnm 
(Fig 168 D) As soon as it is set free, the thyroid begins to be converted 
into an irregular mass of epithelial plates (Fig 178 C) Early in the seventh 
week the gland becomes crescentic tn shape and settles to a transverse 
position with a lobe on each side of the trachea Actually its shift is illusory 
and is caused by the forward growth of the pharynx, which leaves the aortic 
trunk and thj roid behind 

Dunng the seventh week the ultimobranchial bodies come m contact 
with the mam thyroid pnmordium and fuse wnth it (Fig 178 C), thus bnng- 
mg Its descent' to a close As discussed in a previous paragraph these 
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Anomalies — The slender upper ends of the thvmus sometimes persist The> either 
continue the thymus to the level of the th)roid ghnd or form sepante accessory lobes 
there, depending on whether they persist wholly or m part (Fig 176) 

7 he Parathyroid Clauds — The dorsal wjng of each third and fourth 
pouch thickens into a solid mass of cells that is prominent at 10 mm 
(Figs 172 A and 174 A) Each is the pnmorduim of a parathyroid gland 
A few days later the two pairs of globular parathyroids (III and IV) are set 
free from the pharynx, although they still remain connected until the 20 mm 
stage with the simultaneously detached thymi and ultimobranchial bodies, 
respectively (Fig 174 B, C) The pair from the third pouches is drawn 
down by the migrating thymic pnmordia (Fig 177) to the level of the caudal 
border of the thyroid gland (Fig 1 75 A) The pair from the fourth pouches 
does not shift its position appreciably and remains at the crania! thyroid 



Fig 176 — Thjroid, pnrithyroids and 
thymi of a human newborn, m ventral view 

X I 


Fig 177 — Glandular derivatives of the 
human pharjn\ at 14 mm , shown as a model 
in ventral view (after Pohtzer and Harm) 

X45 


border Even at their earliest appearance, the parathyroids are differen- 
tiating into distinctive, clear cells, they gradually become well vasculanzed 
All four glands embed superficially in the thyroid capsule 


Anomalies — ^Vanations in the number size and location of the parathyroid glands are 
common (Fig 176) Both regular (especially parathjroids III) and accessorv glands may 
locate at some distance from the thyroid 


The Ulhinobranchial Bodies — In the fifth and sixth weeks these sacs 
are often classified as rudimentary fifth pouches, although there is some 
doubt as to their true status (Figs 172 A and 174 A) “ At the beginning 
of the seventh week (13 mm ) each ultimobranchial body, joined with the 
adjacent parathyroid IV, is set free from the pharynx Meanwhile growth 
of the thyroid bnngs its two lobes into contact with the ultimobranchial 
bodies (Fig i77) Each of the latter then loses its cavity and is incor- 
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erating tip of the notochord « 'Until the tnd of the second month the latter 
IS fused luth the epithelium of the pharjnx at this point 

Scissel’s pouch is merely the dorsal, blind tnd of the entodermal fore-gut 
which, after the disappearance of the oral plate, persists for a short time as 
a sort of pit (Fig 541) It has no further significance 

The lateral pharyngeal recess (of Rosenmullcr) is not related to the 
second phar^mgeal pouch, as once asserted 

DERIVATIVES. OE THE PHARV.W AND ITS POUCHES 
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bodies rapidly lose their original identity and transform into thyroid tissue 
In the eighth week discontinuous cavities begin to appear in swollen, or 
beaded portions of the solid thyroid plates (D, E), these represent the 
cavities of folltcles which soon after acquire colloid By the end of the 
fourth month this conversion into follicles ends, thereafter new follicles 
anse only by the budding and subdivision of those already present 


Anomalies — Persistent portions of the th>ro glossal duct ri\c nse to accessory thy- 
roids, c>sts or even fistulx (Pig 179) Accessory thyroids may nlsfi be denved from do 
tached portions of the mam pnmordium The variable pirimidal lobe of the th>roid, 
leading upward from the gland, results from the retention and growth of the lower end 


of the thyro glossal duct (Pig 175 /I) Over 
migration to an abnormally low location 
sometimes occurs 

The Pharynx Proper — This fun- 
nel-shaped, muscular sac is the resi- 
dual product after the transformation 
of Its floor and side walls is finished 



Fig 179 — Diagram showing the course 
of the thyro glossal duct Along it are indi 
cated the commonest sites (1-5) for cysts 
(after Chemin) 


Pharyngeal tonsil 



Fic 180 — Human pharynx, shown in a dissec 
tion of the newborn X 2 


Besides the organs already described, there are a few additional denvatives 
(Fig 180) 

The Pharyngeal Tonsil — The entrance to the definitive pharynx is in 
a sense encircled by a lymphoid nng In addition to the lingual tonsil 
below and the paired palatine tonsils at each side, there is still another 
tonsil mass that lies in the dorsal wall This pharyngeal tonsil starts develop- 
ment in the fourth month , its lyonphoid accumulation is a response to local 
vascularity and freedom from growth tensions “ The so called crypts 
appear even earher, but they are merely epithelial folds, wnnkled by the 
stresses of this region and the dilated ducts of mucous glands 

The pharyngeal bursa is a pit located just below the pharyngeal tonsil 
It results from the ingrowth of epithdium along the course of the degen- 
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the epithelium numbers ten layers and includes some ciliated cells Super- 
ficial glands are developing in the fourth month but the deep glands arise 
much later As a constituent of the mediastinum, the esophagus never 
acquires a typical mesentery (Fig 204) 

Anomalies— There ma\ be stenosis (nirromng) or itrcsia (no cavits) (Fig 206 d) 
As the latter condition usmlK imohes the trachea as well, it will be e isior to e\plam after 
that organ has been discussed (p 242) The partial epithclnl occlusion normalh a transient 
feature, predisposes tow ard all these abnomiahties 

The Stomach — The stomach is discernible in embr> os of 4 mm as a 
spindle-shaped enlargement of the fore-gut, somewhat flattened on its lateral 
surfaces (Fig 182) Onginnll) the stomach lies at a high level but bj the 
end of the seventh week a ‘descent’ has been completed thiough a distance 
of some ten segments to the permanent location in the abdomen (Figs 1S4 



Fig 183 —Models of the human stomach A At 55 mm (X 25) B, at 9 mm (X 25I C, 
at 15 mm (X 25) D at 23 mm (X 15) L. gastric glands at seven months (after Johnson, 
X 150I 


to 186) Although usuall> desenbed as a shift caudad, either by active 
growth or secondary crowding, such descents of the stomach heart, lungs, 
and diaphragm are probably better interpreted as relative rather than 
actual They result from the forward growth of the head-end of the 
embr> o which leaves these organs behind Especially arc the more dorsal 
regions of the body concerned in this forward overgrowth, due pnmanly to 
the rapid elongation of the neural tube The simultaneous, but passive, 
transport cephalad of the dorsally located somites would explain the appar- 
ent descent of other relatively fixed organs, since the somites are customarily 
used as reference points 

Dunng the penod of descent (6-7 weeks) the stomach has been under- 
going certain changes m shape and orientation (Fig 183) (1) the entire 
organ increases in length , (2) the dorsal border grow's faster than the ventral 
wall and so produces the convex greater curvature in contrast to the passively 
concaved lesser curvature. (3) the fundus anses as a local bulge near the 
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these anticipate a future distention by food and also provide additional 
secretory and absorptive surface Of the tuo chief muscle coats, the cir- 
cular lajcr uniformly develops earlier (seventh week) than the longitudinal 
layer (twelfth week) 

The Esophagus — ^Embryos of about 2 s mm lack a definite esophagus 
(Fig 148), as in fishes, and at four weeks it is still a short tube extending 
from pharynx to stomach (Fig iSa) However, the esophagus soon cion 
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Fig 182 — Entodermal tract of a 4 mm human embryo shown in lateral view (Prentiss after 
His) X 25 


gates rapidly, keeping pace with the differentiating neck and the groiving 
heart and lungs alongside (Figs 185 and 186) 

In embryos of six weeks the epithelium has acquired two layers of cells 
One week later the epithelium thickens by proliferation, whereupon vacuoles 
appear in it and increase the size of the lumen {cf Fig 190 A) In this 
way the lining becomes irregularly channeled, but at no time is it totally 
occluded like the fetal esophagus of vanous lower vertebrates At birth 



Pharynx 
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Fig 184 — Earl} stngcs of the humm entoderm il caml /I, At 5 mm (Prentiss* nftcr IngalN 
X 14) B C, Models of the intestine it 5 mm and 15 mm shoning rotation 



Pie 185— Human entodermal canal at 9 mm shoti-mg caagECrated rotation of the intestinal 
loop (Prentiss after Mall) X 9 
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cranial end, (4) the dorsal mesentery, active at this time in forming the 
sacculated omental bursa, expands rapidly, whereas the ventral mesentery 
grows slowly Ihc last named factors assist in causing the stomach to 
rotate 90° about its long axis until the greater curvature (pnmitivc dorsal 
wall) lies on the left and the lesser curvature (pnmitive ventral wall) is on 
the right (Fig 211) The onginal nght and left surfaces of the stomach, 
carrying the corresponding vagus nerves, necessarily then become dorsal 
and ventral, this circumstance logically explains the otherwise puzzling posi- 
tions of the vagi at this level At the time of rotation, the enlarging liver 
displaces the freely movable cephalic end of the stomach to the left, whereas 
the caudal end is relatively anchored by the short v cntral mesentciy and 
bile duct, as a result, the whole organ extends obliquely across the abdomen 
from left to nght The vitelline artery also aids by acting as a block ” All 
of the factors involved in the rotation and displacement of the stomach are 
not understood, but, as with intestinal and liver placement, they arc at least 
partly intnnsic and not wholly passive 

The mucous membrane shows tw'o early folds that course along the 
lesser curvature from esophagus to pylorus These ndges delimit a groove, 
recognizable in the adult as the gasirtc caual Mucosal pits (/ovcola?) are 
indicated m embryos of seven weeks, and at 14 weeks gasirtc glands begin 
to bud off from them (Fig 183 E) ” Both continue to increase many fold 
between birth and maturity until the pits total three millions and the glands 
14 millions ** 

Anomalies — Except for tnnsposition to the nght side of the abdomen (Fig 206 B) 
or a location above the diaphngm, the only striking anomalies are stenosis and atresia 
The latter are usually located at the p>lorus and are explained on the same basis as the 
adjacent duodenal occlusion (p 225) 

The Intestine — In embryos of four weeks (5 mm ) the intestine is a ' 
simple tube, beginning at the stomach and ending m the cloaca (Fig 184 A), 
the latter is already starting to split off a separate rectal canal The only 
recognizable divisions of the mtestme at this stage are the diiodeunin (iden- 
tified by its relations to the primordial liver and pancreas) and the remainder 
of the mtestme which bends ventrad in the midplane and midw ay receives 
the attachment of the yolk stalk For convenience the segments of the 
early intestine above and below the yolk stalk are designated the cranial 
and caudal limbs of the intestinal loop The intestine is supported from the 
dorsal body w all by the dorsal mesentery, the ventral mesentery exists only 
in the duodenal region 

From S to 9 ram the ventral flexing of the intestinal loop becomes 
more marked and the attachment of the yolk stalk to it discontinues 
(Fig 185) At this stage a bulging m the caudal limb indicates the ccccimi 
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When the pnmarj torsion is accomplished, the gut (and especiallj the 
small intestine) begins to lengthen so rapidly that the belly cavity can no 
longer contain it, and at seven weeks the intestinal loop escapes into the 
umbilical cord, the pnmary torsion being retained (Fig 186) This pro- 
trusion constitutes a temporary but normal umbilical hernia Continued 
elongation of the small intestine leads to extensive coiling (Fig 187 A), yet 
the whole complex can be analyzed into six pnmary loops By contrast, 
the large intestine and its associated mesenterj grow relatively little at this 
penod In embryos of ten weeks the abdominal cavity has both increased 
sufficientlj in size and undergone the necessary spatial read]iistmcnts so 
that the intestine can return , this it does rather suddenly, after which the 
coelom of the cord is promptly obliterated The cause of ii ithdraii .al is not 




Fig 187 — Human mtesitinc during herniation (nfter Bardeen) < 4 , At nine uteks u hen protrusion 
IS maximum (X 5 ) B At ten weeks iftcr i partnl return of the small intestine (X 4) 

^vell understood, both the pull of the non-hernmted gut and retraction from 
the slower growing mesentery have bten suggested, ’’ while others hold 
that the mtejstine is sucked back by a negative pressure within the growing 
abdomen brought about by a decline in the growth rate of the liver The 
small intestine is the first to re-enter the abdomen It does this in a pro- 
gressive manner, the proximal portions leading, the returning coils pass 
behind the outstretched mesentenc artery, fill the available space on the 
left side of the abdomen, and press the non-hemiated colon also to the left 
(Pig 187 B) In the permanent arrangement of the small intestine the 
pnmary loops are still recognizable according to Mall, but Pemkopf denies 
the persistence of any such regularity" The fir,t of these loops is the 
duodenum whose transverse position is due to the downward thrust of the 
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and consequently marks the boundary between the small and large intestine 
Succeeding gross changes include the torsion, elongation and coiling of the 
intestine, and its final placement and fixation 

Following the stage of a distinct intestinal loop comes a torsion about 
the superior mescntenc artery which courses in the mesentery between the 
two limbs and serves as an axis of rotation (Fig 184 B, C) The torsion 
is so exerted that the onginally cranial limb is earned from the midplane to 
the nght and caudad of the caudal limb, conversely, the pnmitive caudal 
limb shifts to the left and ccphalad (Fig 185) In other words there has 



Fig 186 — Human entodermal canal at 17 mm after herniation of the intestine into the 
umbilical cord (Prentiss after Mall) X 5 

been anticlockwise rotation as one views the embryo from the ventral side, 
during which the tw o limbs in a sense reverse positions The intestme is 
thrown initially mto a loop because of accelerated grow th in length in com- 
parison to that of the abdomen The torsion is said by some to result from 
an mtemal spiral growth of the gut,” whereas others locate the cause in 
the change of position of the enlarging left umbilical vein which is dragged 
to the right and caudad by the expanding nght lobe of the liver, this would 
mecnanicaUy force the cranial limb of tbe bowed gut dow nward and to the 
nght 
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restores a continuous lumen All o£ the small and large intestine shows a 
similar phenomenon, but in lesser degree, the entire intestinal tract is finally 
clothed with a single-la> ered epithelium Vtllt begin to appear at eight 
weeks as independent, rounded elevations of the epithelium (Fig 190 E) " 
Intestinal glands (of Lieberkuhn) anse as tubular ingrowths of the epithe- 
lium about the bases of the mill , they first appear tow ard the end of the third 
month and are closely followed by the compound duodenal glands (of 
Brunner) Both vilh and glands increase greatly in number dunng child- 
hood Lymph nodules and Peycr’s patches are present at five months The 
colon in early fetal life bears villi, the tema; are linear thickenings of the 



Fig 189 — De\eIopment of the arcum and vermiform process (after Kollmnnn nntl Patterson) 
^ 1 , At tv. 0 months B at three months C m the newborn D itfivejcars 




Fig 190 — Epithelmtn of the human small intestine at eight weeks shown as models (after 
johnson) X 70 A, Duodenum cut lengthwise to illustrate the temporar> occlusion and 
vacuolation of the lumen B Jejunum, opened to show the earl> mIIi 

longitudinal muscle layer A spiral structure has been claimed for the 
digestive tube, and the mechanics of its histogenesis analyzed 

Mcconitim begins to collect in the intestine after the third month This 
mass IS a pasty mixture of mucus, bile cast-off epithelial cells and lanugo 
hairs and vemix caseosa swallowed with amniotic fluid It is greenish in 
color and is wholly voided by the third or fourth day after birth — a fact of 
medicolegal value At birth the intestine and its contents are perfectly 
stenle, but a bactenal flora is acquired promptly 

Anomalies — The intestine may show stenosis or atresia this occurs most often m the 
duodenum as a partial or complete retention of the temporary fetal occlusion (Fig 190 .rl) 
The failure of the cloacal membrane to rupture results in an imperforate anus (Fig igi A) 
It may be combined with atresia of the rectum More or less of a permanent cloaca follows 
he incomplete separation of rectum from urogemta! smus (Fig 251 A, B) Two per cent 
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stomach and the anchoring effect of the ventral mesentery and bile duct, 
the others are divided between the jejunum and tlcitm 

Perhaps because of its cjccal swelling, the large intestine is the last to 
leave the umbilical cord and re enter the belly cavity Its tendenej to 
straighten then carncs the caecum across to the right side, close to the crest 
of the ilium Here the ca:cum becomes fi\cd in its permanent position 
From this point the colon passes obliquely upward to the left of the stomach 
where it recurves sharply (splenic flevurc) into the future descending colon 
(Fig 188, in stipple) The latter limb, remaining on the left side, swerves 
in its sigmoid segment to the midplanc where it joins the rectum As the 
liver loses in relative size and accordingly 
'retreats’ cephalad, an hepatic flexure appears 
in the originally oblique proximal limb of the 
colon and becomes increasingly sharper This 
flexure progressively demarcates an ascending 
from a transverse colic limb (Fig 188,*) 

The ascending colon, beginning to elongate 
as such m the middle of fetal life, is not com- 
pleted until early childhood The onginal cxcal 
bulge grows and makes a definite, blind sac that 
extends the large intestine beyond its junction 
with the ileum (Fig 189 A) The distal end of 
this sac lengthens rapidly for a time ( 5 ), but it 
eventu<ally lags greatly in thickness (C) As a 
result, the characteristic icnmfonn process of 
the higher apes and man becomes distinct from 
the ccccunt (D) The ca;cum makes a sharp 
U-shaped bend with the colon proper at ten 
weeks, and this flexure is responsible for the 
cohe valve The transverse colon courses ventral 
to the duodenum The descending colon, like the ascending limb, is apphed 
against the body wall and each loses its free mesentery in a way to be ex- 
plained on p 251 (Fig 215) The terminal portion of the intestine (the 
rectum) is derived by the subdivision of the cloaca, Figs 248 and 249 illus- 
trate the process of separation, which is described in full on p 279 After 
the anal membrane ruptures at the end of the eighth week, a short ectoder- 
mal proctodeum is added to the entodermal rectum This anal canal 
results from the encircling growth of certain anal hillocks (Figs 247 and 
273) I The entire large intestine is originally slenderer than the small in- 
testine, it IS not until the fifth month that it becomes greater in diameter 
Proliferation of the epithelial hmng of the duodenum leads to its occlu- 
sion in the sixth and seventh -weeks (Fig 190 A), but vacuolation soon 



colon in human fetuses In slip 
pie, the relations at ten weeks on 
return from the umbilical cord 
m outline the relations dunng 
the seventh month with the as 
cending- colic /imb and hepatic 
flexure (*) evident 
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Straightway after its appearance, the cranial portion of the hepatic 
diverticulum buds off epithelial cords which invade the septum transversum 
farther and continue to proliferate there into a rapidly expanding sponge- 
vork (Figs 192 and 193 A) From the first the diverticulum lies close to 
the paired vitelline veins v-hich flank the gut, and these veins send branches 
into the region of proliferation (Fig 192 B) The result is a mutual and 
intimate intergrouth of tortuous liver cords and sinusoidal channels (C) 
Perhaps it is because of its nch blood supplv that the hepatic mass enlarges 
so rapidly (Fig 203) In any event, the liver of a 5 mm embrj'o is a large 
crescentic mass with a wing extending upward on each side of the gut 
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Fig 193 — Ongin and relations of the human hepatic dn-erticulum At 3 mm , in sagittal 
section (Prentiss after fits X 25) At 3 5 mm in transierse section (X fto) C, At 5 mm , 
m sagittal section {X 60) 


(Fig 184 A) While these changes have progressed the onginal diver- 
ticulum is elongating and differentiating into the duct system (Fig 196) 

The Parenchyma and Blood Vessels — The early epithelial cords are the 
forerunners of the definitive trabecula: around which the endothelium of the 
broad sinusoids becomes closely applied (Fig 193 A) From the second 
to the seventh month of fetal life (and decreasingly until after birth) blood 
cells are actively differentiating between the hepatic cells and the covenng 
endothelium (B) 

In its early growth upward around the gut, the wings of the liver come 
to enclose and interrupt the nearby vitelline veins After this occurs, only 
sinusoids interconnect the supplying (portal) and draining (hepatic) vessels 
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of all adults show a persistence of the proximal end of the >olk stalk which forms a pouch, 
Meckel’s du'erliciiliim of the tUim (Fig 191 B, cf p xo8), this maj extend as a patent tube 
even to the umbilicus and thus constitute a fecal umbilical Jisfiila (C) ‘True diverticula* of 
the intestine are local saccuhtions that dctclop synchronously with the gut as a whole 
False dnerticula' arc acquired evaginations due to weakness of the intestinal wall Rem 
nants of the tail gut arc held responsible for some coccygeal cysts and tumors 

Congemtal umbilical herma is due cither to the perpetuation of the transitory fetal con 
dition or to a secondary protrusion of the viscera after primary withdrawal (D), the wall of 
the sac is commonly thin Other hernias of the bowel are explained on pp 364 and 303 
Rarely there is non rotation of the returning intestine, the jejuno ileum then lies on the 
nght side, the colon on the left (H) Reversed torsion of the colon, after re entry, can 
result in the transverse colon passing behind the duodenum wathout any other relations 
being disturbed The ca?cum may have a high position because it docs not become fixed 
but ascends with the li\ er T ransposition of the digestn e tract right for left, as m a mirror 
image, is one feature of the more general conditions known as situs iiitersiis (p 343), the 
participation of the intestine in this process is characterized by a complete reversal of the 
normal course of rotation (Pig 306 Zt) 




Pig 191 — Anomalies of the human intestine A Imperforate anus B, ordinary Meckel s diver 
ticulum C umbilical fistula, D, congenital umbilical hernia E non rotation of the intestine 

X THE LIVER 

The liver is a ventral outgrowth from the gut entoderm in the region of 
the antenor intestinal portal Its pnmordium lies between the pencardial 
cavity and the attaching yolk stalk Here, in embryos vvnth 17 somites 
(about 3 mm ), the floor of the future duodenum gives nse to a sacculation 
named the hepatic diverUculttm (Fig 192 yl) This consists of a cranial 
portion that will differentiate into the glandular tissue and its bile ducts, 
and a caudal portion that becomes the gall bladder and cystic duct (C) 
The hepatic diverticulum forces its way ventrad into a mass of splanchnic 
mesoderm that will furnish most of the substance of the diaphragm, at this 
stage the primitive diaphragm is named the septum transversum (A, B) 
A little later, the region of the septum occupied by the liver becomes drawn 
out as the ventral mesentery, and the final relation of the liver is then 
more intimately related to this mesentery than to the diaphragm proper 

(Fig 207) 
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The gall bladder constitutes a separate, caudal region of the onginally 
shallow hepatic diverticulum (Fig 192 C) In a 5 mm embr> 0 it is a solid 
cylinder T\hich is earned auay from the duodenum by the elongating 
common duct (Fig ig 6 A distinct stem, or 05/n: is then recog- 

nizable {B, C), and in the se\enth week a lumen has been established 
throughout most of the tract w hich then appears like an offshoot from the 
main biliary passage Bile is secreted in fetuses about three months old 
Accessory Tissues — The groinng Iner expands greatly that portion of 
the septum trans\ersum (later \entral mesentery’) within which it lies 
(Fig 208 B) The surface of the mesentery furnishes a pentoneal co\enng 
to the liver, w hile the mesenchy me of the intenor differentiates into the con- 



Pio 194— -Method of oncin of the hepUic lobules A~C, Dngrams of successue stages 
of gro^\'th and subdnision (after Mall) D Bifurcating lobule of the postnatal pig s Iner (after 
Johnson X 35) 


nective-tissue framework of the Iner and the muscular walls of the larger 
ducts and gall bladder 

The Liver as a Whole — The primary attachment of the liver to the 
septum transversum causes it to ‘descend’ (c/ p 219 and Fig 222) with 
the latter organ from a cervical level of origin The In er soon outgrow s 
its onginal location in the septum transversum and at four weeks bulges 
caudad into the abdominal cavity (Fig 210) The continued progressive 
separation of liver from septum occurs at the time when the gut is also 
drawing away from the septum to produce a definite ventral mesentery 
This is the reason why the later liver is intimately associated with both the 
septum and ventral mesentery (Fig 207) Such relations and the develop- 
ment of the hepatic ligaments wall be described on p 253 The history of 
the vatelline and umbilical veins with respect to the hver may be found on 
PP 346 to 349 
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(Fig 315) At first relatively faf apart, these t^vo venous trees grow steadily 
as the liver expands and thus progressively ‘approach* each other in an 
alternating (or dovetailing) manner (Fig 194 A-C) The rcgulanty of the 
system of branching is responsible for the creation of the characteristic 
hepatic lobules from the parenchyma and sinusoids In a 4 mm embryo the 
whole liver is a single, complete lobule, at 7 5 mm it is bilobcd and has two 
lobules, at ii mm there arc six lobules, uhilc a late fetus has many thou- 
sands Each lobule is surrounded by sev cral terminal branches of the portal 
vein and is drained by a single hepatic vessel Toward the end of the fetal 
penod, but mostly after birth, these primary lobules subdivide into smaller, 
secondary units A central (hepatic) vein bifurcates or gives oft a side 
branch, and new lobules arise by the simple splitting (* c , through connec- 
tive tissue invasion) of such a lobule which has thus acquired two central 




I ic 193 — DifTerentiation of the human U\er A, Model of half of the duodenal wall and liver, 
at 4 mm (Bremer X joo) B Section at i6 mm (Bloom X 350) 

veins (D) ** The portal veins at the periphery branch correspondingly as 
they push in between the new lobules to keep the vascular relationship 
unchanged A clear demarcation of the definitive lobules is not seen until 
early childhood 

The Ducts — ^The mam portion of the hepatic diverticulum elongates 
into the dueftts choledochus (common bile duct) and hepatic duct (Fig 196 
>i, B) The bile ducts within the liver, which are tnbutary to the hepatic 
duct, anse in a secondary manner beginning at eight weeks AVhere\er the 
liver cords come under the influence of connective tissue that grows in with 
the branching portal vein, they transform into interlobular ducts (Fig 
193 liver cords are presumably hollow at their earliest appear- 

ance and hence bile capillancs are primary lumina and not secondarily 
acquired “ 
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sides o£ the duodenum in embr} os of 3 to 4 mm (Fig 196 A) One pushes 
out from the dorsal \\all, just cephalad of the level of the hepatic divertic- 
ulum, it is the dorsal pancreas The other, probablj originally paired,*' 
appears ventrall} in the caudal angle between gut and hepatic di\ erticulum, 
and consequentlv is designated the icntral pancreas Of the two pancreases 
the dorsal one grows more rapidly (B) in the sixth week it is an elongate, 
nodular structure with a centrally coursing duct (C) It extends into the 
dorsal mesenterj’ and, ansing near the mouth of the developing omental 
bui'sa, continues its growth wnthin the dorsal layer of that sac (Fig 212) 



Fig 196 — De\eIopment of the human pancreas shown by models viewed from the left side. 

4 At o mm (X 83) B-D at 8 12 and 16 mm respectnely (X 42) E at birth (X i) 

The ventral pancreatic bud remains smaller, its duct is promptly earned 
away from the duodenum bj the lengthenmg common bile duct and then 
anses directl> from the latter (Fig ig6 B) Unequal growiih of the duo- 
denal wall shifts the bile duct dorsad and brings the ventral pancreas into 
the dorsal mesenteiy , near the stem of the dorsal pancreas (B, C) Dunn« 
the seventh week the two mterlock mtimately {D) and no histological dis"^ 
tinction exists between the denvativ es of the two components Grosslv the 
dorsal pancreas forms all of the adult gland except the head which comes 
mostly from the ventral pnmordmm (E) 
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The first hepatic swellings are the paired right and lift lobes (Fig 195 A) 
Onginally these arc of equal size, but the nght lobe becomes larger after the 
third month In part this asymmetry is due to intnnsic growth factors, 
although the greater available space on that side plays a practical r6le while 
the vitelline and umbilical veins are usually credited with some influence as 
well At SIX weeks the caudate lobe is recognizable, bounded by the ventral 
mesentery and infenor -vena cava (B) The quadrate lobt onginates later 
with the atrophy of the liver tissue overlying the intrahcpatic portion of 
the umbilical vein, it lies between that vein and the gal! bladder (C) 

The developing liver is spongy and highly plastic, so that it tends to 
occupy the available space not used by firmer, ncighbonng organs, this 
accounts largely for its general final shape In certain regions the hepatic 



tissue undergoes degeneration (due to pressure atrophy?) and especially is 
this true penpherally in the left lobe The hver attains its largest relative 
bulk at nine weeks when it is three times the final ratio with respect to 
body size 

Anomalies — A reduction or an increase m the external lobation of the liver is a rare 
occurrence An increase sometimes results in lobation resembling that m lower mammals 
The main ducts and the gall bladder are subject to duplication as the result of earlj splitting, 
subdivision or sacculation Absence of the gall bladder (as occurs normally m the horse 
and elephant) is well known A congenitally narrowed or solid condition of the gall bladder 
or of the chief ducts is a retention of the temporary embryonic occlusion 


THE PANCREAS 

Two outpocketings from the entodermal lining of the gut represent the 
earliest indications of the future pancreas These buds arise on opposite 
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the mam duct of thr adult gland, may anse directly from the duodenum Absence of that 
part of the gland derived from the dorsal prunordmm, flilure of union between the dorsal 
and ventral pancreatic components, and completely independent ducts (regardless of the 
degree of glandular fusion) are all xrell known 
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The short ventral duct, fusing early with the dorsal duct, taps it 
(Fig 196 D) Thereafter the long distal segment of the dorsal duct plus 
the entire ventral duct will serve as the chief line of drainage (£) This 
combined tube is known in adult anatomy as the pancreatic duct (of Wir- 
sung) A common outlet into the duodenum for the bile and pancreatic 
ducts is a direct retention of the original relation between these parts The 
proximal segment of the dorsal duct constitutes the so called accessory duct 
(of Santonni) , this becomes tnbutary to the ventral duct but commonly 
retains its duodenal outlet as well (E) A similar arrangement of ducts is 
found in the sheep, while in the pig and ox the relation is reversed and the 
dorsal duct acts as the chief stem, less specialization occurs in the horse 
and dog which retain both ducts as functional outlets into the intestine 
The actm begin to appear in the third month as terminal and side buds 
from the ducts (Fig 197 A) Pancreatic islands (of Langerhans) also are 




Pic 197 — Differentiation ot the human pancreas /I, Section at fourteen weeks demon 
strating the ongin of acini and islands from ducts (after Lems X 350) B, Diagram showing 
four stages (1-4) in the organization of islands 


differentiating from the ducts at about the same time They are composed 
of distinctive cells” ” which take the form of single sprouts but later through 
growth (and it is claimed, through concrescence)^® become complex island 
masses (B) In all, about a million islets are formed,” some of which retain 
their original (but soon impervious) connections with the parent ducts 
Although acini and islands onginate from the same source they take different 
lines of speaalization and, once formed, do not normally reconvert The 
connective-tissue bed, in which the glands develop, subdivides the organ 
into lobes and lobides 

Anomalies — Accessory pancreases are common Many of these lie withm the wall of 
the intestine and stomach others are associated with the spleen and omentum The de 
velopment of supernumerary pnmordia and the displacement of parts of the diffuse, early 
pancreas are responsible for these several conditions An annular pancreas encircling the 
mtestine, bile duct or portal vein sometimes occurs The ventral pancreas, and accorduigl}- 


CHAPTER XII 
THE RESPIRATORY SYSTEM 


The nose and naso-phan,n\ belong to the respiratory apparatus, but 
since this relation is a secondary adaptation their development is descnbed 
in other chapters As nith all hollon viscera, the respiratory tree is lined 
nith an epithelium fin this instance entoderm) which is strengthened and 
supported by other lay ers differentiated from the surrounding mcsenchy me 
In addition, the lungs e\pand into the ccclom (pleural cavities) and in so 
doing gain a covering of visceral pleura whose free surface is mesothelium 
The earliest indication of the future respiratory organs (embryos of 
3 mm with 20 somites) is the so called taryngo-irachcal grooic which runs 
lengthwise in the floor of the gut just caudal to the pharyngeal pouches 
(Fig 182) ' In surface view the entoderm projects as a ventral ridge (Fig 
198 A) This pnmordium is destined to become in order the laryin and the 
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Fig 198 — Early stages of the human respiratory pnmordium (after Grosser and Heiss) 
X75 A At 2 5 mm in % entral view B, C it 3 mm in ventral and lateral view P, at 4 mm 
m \ entral v lew 

trachea, while its more rounded caudal end will give nse to the linigs (B) 
A lateral furrow appears on each side along the line of junction between 
ndge and esophagus (C), becoming progressivel> deeper and extending 
cephalad, they split off first the lung bud and then the trachea At the 
upper end the laryngeal portion of the ndge actually advances slightly 
cephalad until it lies between the fourth branchial arches At the 4 mm 
stage the lung bud begins to bifurcate and the respiratory organs are then 
represented by a laryngeal slit, the tubular trachea, and two pnmary 
bronchi (D) The latter buds arc potentiallj more than bronchi, since by 
grow'th and branching they will ultimately produce all the sub divisions of 
the respiratory tree 

The Larynx— This organ develops somewhat differently m its upper 

235 
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contour (E) and a pair of lateral recesses {laryngeal ventricles) is evident 
in the restored cavity Each is bounded cranially and caudally by a pro- 
jecting, lateral shelf, the caudal pair is the eocal folds which later differ- 
entiate elastic tissue (F) 

The epithelial larynx is supported by dense mesenchyme denved from 
the fourth and fifth branchial arches Early m the seventh week this mass 
sho-^s localized condensations that foretell the laryngeal cartilages (Fig 199 
D-F) These belong to the skeleton and will be described in a later 
chapter (p 385) The laryngeal muscles also ongmate from the same 
branchial arches and consequently continue to be innervated by the vagus 
nerves nhich supply those arches 

The Trachea — The tracheal tube elongates rapi'dly for a time (Figs 
184 to rS6) In the course of development its point of bifurcation into 
chief bronchi ‘descends’ (like the lungs) a distance of eight segments The 
epithelial lining changes but little from its early columnar form Muscle 
fibers and cartilaginous nngs differentiate from the surrounding condensed 
mesenchyme at the end of the seventh week The glands develop as 
ingroulihs from the epithelium after the fourth month of fetal life 

The Lungs — Soon after the pnmary bronchi appear (4 mm ), the nght 
one becomes larger and is directed more caudad (Fig 300 ^ 4 ) At 7 mm 
these bronchi give nse to two lateral bronchial buds on the nght side and 
to one on the left {B), as a result the plan of the future pulmonary lobes is 
indicated even at this stage (C, D) On the nght side the upper bud is 
small and is called the apical bronchus &mce it presages the upper lobe, the 
other lateral bud is the axis for the middle lobe, whereas the termination 
of the stem bronchus wiU form the lower lobe On the left side the single 
lateral bud identifies the future upper lobe and the stem bronchus the lower 
one 

The apical bronchus of the nght upper lobe is also called the epartertal 
bronchus because it alone lies upon {le, onginally dorsal to, but later, as 
the hearts descends, cranial to) the pulmonary artery (Fig 201) It is 
commonly stated that this bronchus was anciently a secondary branch in 
what was then the upper lobe of the lung, in the course of evolutionary 
advance it is supposed to have migrated upward onto the main stem and 
induced the formation of a new lobe about it Others view this bronchus 
as an entirely independent, replacmg outgrowth, at a higher level, that 
became selected as the basis for a new lobe « 

The left upper lobe seems to contain a bronchial branch (Fig 200 D, 
Ap) that IS the equivalent of the entire apical bud on the nght side Since, 
however, this branch remains small and fails to induce the formation of a 
separate lobe, the upper lobe of the left lung is homologous to both the 
upper and middle lobes on the right side = The suppression of the upper 
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and lower halves The lower portion forms around the stem of the trachea, 
whereas the part above the vocal folds rises out of the pharyngeal floor m 
the region of the pnmilivc glottis 

The cpigloUts IS peculiar to mammals Embryos of 5 mm sho;\ a 
rounded prominence that elevates midventrally from the bases of the third 
and fourth arches (Fig 199 A) This soon alters its shape {B-D) and 
consolidates into the transverse flap that guards the entrance to the laryn'i 
dunng swallowing (E) It becomes concave on its laryngeal surface and 
in the middle of fetal life differentiates cartilage internally {F) 



Fig 199 — Development of the human larynx /T At 5 mm B at 9 mm C, at is mm D at 
16 mm £ at 40 mm (X 7) F sagittal hemisection at birth (X i 5) 

The slit that opens from the floor of the pharynx into the trachea is 
the primitive glottis (Fig 199 A) Presently it is bounded on each side by 
a rounded eminence of fourth and fifth arch ongin, known as an arytenoid 
SiVelling {B) These two swellings straightway begin to grow in a tongue- 
ward direction On meeting the pnmondum of the epiglottis they arch 
upward and forward against its caudal surface (C) In the seventh week 
this results in the onginal, sagittal slit adding a transverse groove to its 
upper end, so that the laryngeal onfice becomes T-shaped {D) However, 
the entrance to the larynx ends blmdly for some time because fusion of the 
epithelium in the upper larynx has obliterated the lumen When the epith- 
elial union IS dissolved (10 weeks) the entrance becomes more oval m 
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lespiTatory tree is cuboidal (Fig 202 A) Early in the sivth month the 
adjoming capillaries begin to push through the epithelium so that the lining 
soon becomes discontinuous® and the epithelium largely disappe irs (B) 

At this time seventeen generations of pulmonary branchings are present, 
these represent the full prenatal plan of the lung ® The terminal buds have 
the appearance of irregular spaces bordered hy capillar\ netu orks Accord- 
mg to some investigators this is the permanent structure of the alveolar 



Fig 201 —Developmenul plan of the human lungs m ventral \jfw A At 14 mm (ifter Ask 
X 33), B, at birth (adapted X 1) 



sacs ^ Such an interpretation contrasts sharply -with the traditional de- 
scnption of a continuous epithelial lining which flattens in the later fetal 
months to assume the character of a thm but intact lining i® 

After birth the branching of the pulmomry tree resumes, and it con- 
tinues at least through middle childhood to produce the final number of 
about tuenty-four generations'-'’ The method of this postnatal gronth 
at the periphery of the pulmonary tree is disputed , a continuation of the pre- 
natal type of new branching," retrograde splitting of pre-etisting air pas- 
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left lobe has been interpreted as an adaptation to facilitate the normal, 
caudal recession of the aortic arch (p 338) * Such an explanation has been 
cnticized and an alternative offered that stresses the lessened opportunity 
for pulmonary expansion on the left side consequent on the results of the 
rotation of heart and esophagus in opposite directions * As a contnbutory 
factor the more caudal position of the left common cardinal vein is doubtless 
significant * Also bn the left side an important branch is suppressed m 
the lower lobe, due to the position of the heart and pulmonary vein,’ this, 
however, affords opportunity for an excessive development of the corre- 





Fig 200 — Development of the chief bronchi of the human lung, in ventral view (after Heiss 
and Merkel) X 50 A At 5 iron , F, at 7 mm C, at 8 5 mm Z>, at 10 mm 


spending right ramus which then projects into the space between the heart 
and diaphragm as the cardtac bronchus (Fig 200 A) 

The bronchial buds continue to grow and branch, so that the tubular 
system in each pulmonary lobe becomes increasingly bush- like with dorsal 
ventral, lateral and medial rami (Fig 201) It has been much discussed 
■whether the primary method of branching is by simple forking of a growing 
tip,® by side-branching proximal to the nonbifurcating tip,* or by a com- 
bmation of these two methods^ Both styles apparently occur, but not 
always typically enough to avoid differences m interpretation 

In the fifth fetal month the epithelial limng of the terminal buds of the 



THE LUNGS 


239 


respiratory tree is cuboidal (Fig 202 A) Early in the SLxth month the 
adjoining capillanes begin to push through the epithelium so that the lining 
soon becomes discontinuous® and the epithelium largely disappears (B) 

At this time seventeen generations of pulmonary branchings are present, 
these represent the full prenatal plan of the lung ‘ The terminal buds have 
the appearance of irregular spaces bordered b> capillaiy net\r orks Accord- 
ing to some investigators this is the permanent structure of the alveolar 



Fro 201 — Developmental plan of the human lungs in ventnl view A At 14 mm (after Ask 
X 33) S at birth (adipted X i) 




Fig 202 — Sections of the human lung -4, Developing lobules, at four months (X 75) B Loss 
of epithelium in the terminal air passages, at eight months (X 125) 

sacs ’ Such an interpretation contrasts sharply with the traditional de- 
scription of a continuous epithelial lining which flattens in the later fetal 
months to assume the character of a thin but intact lining ■» 

After birth the branching of the pulmonary tree resumes, and it con- 
tinues at least through middle childhood to produce the final number of 
about twenty-four generations «. >• The method of this postnatal growth 
at the penphery of the pulmonary tree is disputed, a continuation of the pre- 
natal type of new branching," retrograde splitting of pre-existing air pas- 
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Respiratory-like movements of the chest somettmes occur in fetuses 
near term ** Nevertheless, until normal breathing distends the lungs with 
air, these organs arc relatively small, in particular they leave unfilled the 
ventral and caudal portions of the pleural cavities (Fig 205 B, C) With 
the onset of respiration after birth the lungs gradually expand and occupy 
fully the space allotted them The pulmonary tissue, which was previously 
compact and resembled a gland in structure (Fig 202), becomes light and 
spongy owing to a great increase in the si7C of its alveoli and blood vessels 
The alveolar sacs then interlock and press against each other until their 
arrangement is highly intncate Evidence of such expansion (the lungs float 
in water) has medicolegal value in determining whether respiration ever 
occurred When inflation has been completed (three da>s after birth) the 
lungs are considerably larger in every diameter and have more rounded 




Fig 206 — A Atresia of the human esophagus, in a newborn, with a fistulous opening of its lower 
segment into the trachea B, Complete transposition of the adult Mscera 

margins Because of the greater amount of blood admitted to the lungs 
after birth, their absolute weight increases somewhat 

Anomalies — ^Variations occur in the size and the number of the major lobes of the 
lungs Rarely there is an eparterial bronchus, or even a third lobe, on the left side The 
right epartenal bronchus at times arises dirdctlj from the trachea, as m the sheep, pig 
and ox, contrariwise, it may imitate the relations on the left side The presence of a dis 
tinct cardiac lobe of the lung, though infrequent, is interesting since it occurs regularlj m 
some mammals, including certain primates A senous anomaly is presented when there is 
a fistulous connection betw'een the trachea and esophagus (Fig 206 A) the esophagus 
usually is atretic and divided transversely, the trachea opening into its lower segment 
while the upper portion ends as a blind sac The cause lies in an mcomplete separation of 
the early laryngo tracheal groove from the gut 

A sinking malformation of the viscera in general is situs iniersus, in which the vanous 
orgaas are transposed in position, nght for left and left for nght, as m a mirror image 
(Fig 206 B) This reversal may affect all the mtemal oi^ns, or an independent trans- 
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position of the thoracic or abdominal \iscera alone nia> occur Positue kno^\ ledge of the 
cause IS lacking, but there is reason to believe that the development of the embrvonic or 
gans occurs m definite, dependent sequences If, therefore, for an> reason the initial organ 
of such an interdependent sj stem undergoes a reversal in position, all the succeeding stages 
are correspondmgly affected, for example, rotation of the stomach to the nght results au- 
tomatically m transposition of the intestine The left v itelhne \ em and the left umbilical 
vein are larger than their mates and have long been regarded as determining the earlv 
positions of the heart and liver which then act as such kev organs However, more recent 
studies of the problem of asjmmetr> in the viscera suggest that the controlling factors maj 
he in the gut and become operative even before the liver bud appears In continuance of 
this interpretation it has been urged that the prime determining factor is the normal spiral 
organization of the developing gut which when reversed in direction automaticallj leads to 
transposition some objections have been advanced against this view 

Transposition of the viscera is an extreme tjpe of svmmetr> reversal, left-handedness 
and counter-clockwise hair whorl on the crown are other more familiir but milder expres- 
sions of the same tendency When, in the case of twins, the establishment of svmmetrj 
and asymmetrv in the blastoderm precedes the twnnning moment, there is a high degree 
of such sjmmetrv reversal in one individual a delav m the fixation of those relations until 
after twinning is accomplished results m both twins showing the same asjmmetnes 
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MESODERMAL DERIVATIVES 

CHAPTER XIII 

THE MESENTERIES AND CCELOM 
THE MESENTERIES 

The Primitive Mesentery — The gut anscs when the entoderm is folded 
into a tube (Fig 146) The splanchnic mesoderm, which is assoaated i\ith 
the entoderm, co operates in this maneuver It soon takes the form of a 
double-layered partition, extending from the roof of the ccclom to the mid- 
ventral body wall This median partition is the prtmtltcc utcseniry, it 
divides the ccelom into halves and contains the gut between its component 
sheets (Figs 207 and 208) The early, straight gut naturally subdivides 
the mesentery into an upper and lower portion, for convenience they are 
designated the dorsal and vcutral mesentery At about the same time the 
heart and liver make their appearance and come to be enclosed similarly , 
but within the ventral mesentery When the heart, lungs and abdominal 
viscera soon lie within separate coclomic compartments, the linings of these 
cavities are named pcrtcarduim, plaira and peritoneum, respectively, collec- 
tively they compnse the serosa, which consists of a layer of connective tissue 
overlaid with simple, flat epithelium The two splanchnic layers of the 
primitive mesentery constitute the visceral lamellai of pencardium, pleura 
and pentoneum, the somatic mesoderm furnishes the panetal layer, next 
the body wall 

In addition to the mesentenes of the digestive tube and its assoaated 
organs there are special mesentenal supports for the urogenital organs, 
these will be desenbed in the next chapter 

Specialization of the Dorsal Mesentery — ^At first the gut is broadly 
attached dorsally, and its roof lies directly beneath the notochord and 
descending aorta Presently this region of attachment becomes relatively 
narrower, and the gut is then suspended throughout most of its length by a 
definite dorsal mesentery that extends like a curtain in the midplane (Fig 
208) The pharynx and upper esophagus have no mesentery since they he 
cephalad in regions where there is no permanent coelom The lower esoph- 
agus courses in a meso-esophagus, which also serves as a mesentery (‘meso- 
pulmonum’ , later, the pulmonary root) for each laterally expanding lung 
(Fig 203) Ultimately the meso esophagus furnishes the basis for a thick 
and specialized median partition that encloses all the thoracic viscera except 
244 
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the omentum, brought about by the rotation of the stomach, it actually 
anses as an independent in\ agination into the intenor of the originally thick 
mesentery 

The earliest indication of the bursa is in 3 mm embryos when a pocket 
appears on the right surface of the dorsal mesogastnum and straightway 
proceeds to burrow deeper inward {tc , to the left) One subdivision of 
this recess extends ccphalad between the esophagus and the nght lung bud 
(Fig 209 A) Such an extended passage is permanent in reptiles, but 
in human embrj'os it is soon intcmiptcd by the developing diaphragm, the 



Fig 209 — Early development of the omental bursa in human embryos (partl> after Frazer) 
A B, Ventral views at four and six weeks C~E Tnins\erse sections at the levels indicated 
on ^ B 


pmched-off apex then constitutes a small sac {tnfracardiac bursa) that fre- 
quently persists in the adult {B) The other subdivision of the original 
recess is located more caudally It enlarges toward the left, dorsal to the 
stomach (A), and, as it advances creates a blind pocket wathm the sub- 
stance of the mesogastnum (C) This is the beginning omental bursa After 
the stomach has rotated, the bursa lies doreal to the stomach, whereas the 
stomach is then earned on the ventral buisal wall (D) The mouth of this 
bursal sac is relatively small, it opens mto a common vestibule which also 
receives the mouth of the recess that extended lungward {B, E) The 
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vestibule, m turn, communicates through a common aperture {epiploic 
foramen) with the general pentoneal cavity (Fig 211) 

It must be understood that the epiploic foramen is quite separate from 
the aperture into the omental bursa proper (Fig 211) Sections passing 
through both foramina give the false appearance of a long mesogastrium, 



Fig *10 — EirlN rchtions of the hunnn omenti! bursa sho^ti in a simplified model at mm 
I Prentiss) Theobser'cr looks eephahd 



Diaphrasm- 

Inferior, 
tena eaia 



Fig 211 — tirU omental bursa of human embrjoj, in ventral Men A, At sue weeks (after 
Frazer X 25) B at ci^ht weeks (ifter Brau,, X 5) 


folded simply upon itself (Fig 209 E), the true nature of a narrow -necked 
sacculation is not revealed by such a section The omental bursa proper 
is a progressively growing sac whose expanding walls become thinner as it 
pushes to the left of the general, mediall} located mesogastnum (Pig ^ 1 1 yl) 
Subsequent inclination of the stomach to a slantingly transverse p'osition 
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the omentum, brought about by the rotation of the stomach, it actually 
anses as an independent invagination into the intcnor of the originally thick 
mesentery 

The earliest indication of the bursa is in 3 mm embrj os w hen a pocket 
appears on the nght surface of the dorsal mesogastnum and straightivay 
proceeds to burrow deeper inward (1 c , to the left) One subdivision of 
this recess extends cephalad between the esophagus and the nght lung bud 
(Fig 209 A ) Such an extended passage is permanent in reptiles, but 
in human cmbr> os it is soon interrupted by the developing diaphragm , the 



Fig 20g — Early development of the omental bursa ui human embryos (partly after Frazer) 
A B Ventral viens at four and six weeks C-E Trans>erse sections at the Ie\els indicated 
on A B 


pinched-off apex then constitutes a small sac (tnfracardtac bursa) that fre- 
quently persists in the adult (. 5 ) The other subdivision of the onginal 
recess is located more caudally It enlarges toward the left, dorsal to the 
stomach (A), and, as it advances, creates a blind pocket within the sub- 
stance of the mesogastnum (C) This IS the beginning After 

the stomach has rotated the bursa hes dorsal to the stomach, whereas the 
stomach is then earned on the ventral bursal wall (D) The mouth of this 
bursal sac is relatively small it opens into a common vestibule which also 
receives the mouth of the recess that extended lungward {B, E) The 
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changes the direction of growth of the sac so that it extends caudad ( 5 ) 
This flattened, saccular portion of the bursa then overlies the intestines 
vcntrally (Fig 213 B) 



Fie 213 •— Relntions of the human omenti and uencral pcntoncum, at about four months 
A Model cut transversely B tnnsv me section 



Fig 213 — Dissections showing the relations of the human omental bursa and lesser omentum 
A Before union of the bursa and transverse mesocolon, B after union. 


The t-ommon \ estibule, already mentioned, iS bounded cranially and 
laterally by a lip-hke fold of the mesentery that continues caudad along the 
dorsal body wall into the nght raesonephne fold this is the caval meseniery 
m which the upper segment of the mfenor vena cava develops (Fig 211) 
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mesentenc artery as an a\is) and this rotation is accentuated even more as 
the limb of the ascending colon elongates and its flexure beneath the liver 
gams prominence (p 224, Fig 188) From a focal point at the root of the 
artery the continuous mesenterj of the entire intestine spreads out like a 
funnel (Fig 215 A) 

Previous to the middle of the fourth month the entire intestine is freely 
movable wnthm the scope of its restraining mesenter>% while the latter still 
retains its pnmitive line of ongin along the mid-dorsal abdominal wall 
(Fig 215 /I) At this penod, however, secondary fusions begin which affix 
certain portions of the gut and thereby produce new lines of attachment 
Such fixation is apparently related to upnght posture, since it especially 
characterizes the anthropoid apes and man These mesentenal adhesions, 
a part of the normal developmental plan, have much in common wnth those 
occumng pathologically after inflammation of the pentoneum It is inter- 
esting that the onginal left side of the dorsal mesentery alone effects fusions 
with the body wall This is true of both the omentum and mesentery 
proper, except for the short mesoduodenum where the nght side attaches 

The duodenum, which recurves from the pylorus to run transversely, 
IS crossed by the transverse colon (Fig 213 A) Its wcsodiiodcmtm is laid 
against the dorsal body wall, at the nght of the midline, and mostly obliter- 
ates, this portion of the small intestine then becomes permanently fixed 
The pancreas, growing dorsad into the mesoduodenum and greater omen- 
tum. necessanly shares the fates of these mesentenes and assumes a retro- 
peritoneal position (B) The complete fixation of the duodenum and 
pancreas is limited to mammals wuth erect posture The mesentery proper 
of the jejuno-ileum is thrown into numerous folds, corresponding to the 
loops of the intestine, but normally remains entirely free (Fig 215 A, B) 
It does, however, acquire a secondary line of ongin where it joins the fixed 
mesentery of the ascending colon (Figs 213 B and 217) 

The large intestine suffers extensive mesentenal loss The ascending 
and descending mesocolons grow^ rapidly, carrying the corresponding seg- 
ments of the colon, nght and left respectively, far laterad in the abdomen 
The mesocolons themselves become pressed against the dorsal body wall 
and their flat surfaces progressively fuse (mediolaterad) with the adjacent 
pentoneum (Fig 215 B-D) In this manner these two limbs of the colon 
become permanently anchored by the end of the fifth month, usually attach- 
ing broadly to the general pentoneum (Fig 217) The transiersc mesocolon 
remains largely free (Fig 215 B), although it does fuse with and cover the 
duodenum where the colon crosses it (Fig 217) , this aids the duodenum in 
becoming secondanly retropentoneal m position The line of junction of 
the free transverse mesocolon with the neighbonng, obliterated, mesocolic 
sheets gives a new (and transverse) Ime of ongin to the former (Figs 215 
12 
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connection between stomiach and colon is henceforth designated the gasiro- 
colic hgamcnt Caudal to this attachment, the walls of the omental bursa 
unite and obliterate its cavity (Fig 214 C), the cavity of the adult omental 
bursa thus may be limited chiefly to a space between the stomach and the 
dorsal lamella of the greater omentum, which latter layer is largely fused to 
the pentoneum of the dorsal body w'all (Fig 213 B) The spleen develops 
in the cranial portion of the greater omentum, that stretch of the omentum 
between stomach and spleen is known as the gastrO'Splcmc ligament, while 
its continuation beyond the spleen is the spleno-rcnal ligament (Fig 212 B) 
The Intestinal Mesentery — As long as the gut remains a straight tube, 
the dorsal mesentery is a simple sheet whose two attached edges are equal 



Pic 215 — Secondary fusions of the mesocolon A, At three months before fusions begin 
B, Later stage fused surfaces indicated by cross hatching C, D, Method of obliteration shoivn 
m trans\ erse section 


in length But when the intestine begins to elongate faster than the body 
wall, the intestinal attachment of the mesentery grows correspondingly 
(Fig 184 B, C) The result is an elongate, somewhat fan-shaped mesentery, 
and in this state it is earned out into the umbilical cord between loops of the 
gut On the return of the now highly coded mtestine into the abdomen, 
the charactenstic rotation, already begun at the time of herniation into the 
cord IS completed It will be remembered that m this process the c£ecal 
end of the colon is earned over to the nght, whereby the future transverse 
colon crosses ventral to the duodenum (Fig 215 A) and the small intestme 
lies caudally and at the left of the primitive ascending colon There is thus 
accomplished a torsion of the mesentery (about the ongin of the supenor 
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the fore-gut soon draws an ay, its region of attachment with the septum 
stretches and thins into the defimU^-e ventral mesenterj (mostly laiiral 
mcsogastriimt) of this region At the same period the rapidly enlarging liver 
begins to pro3ect from the surface of the septum and the relations come to 
be as m Figs 207 and 208 B Henceforth the liver can be said to lie withm 
split halves of the ventral mtsentery Caudal to the septum transversum 
and liver, no ventral mesentery is recogniiable even in young embryos 
(Figs 207 and 208 Q 

Ligamaxts of the Lncr — Since the ventral mesentery encloses the liver, 
it gives nse to its fibrous capsule and mesenterial supports, the latter are 
designated ligaviatts Except uhere the liver impinges on the diaphragm, 
the enveloping hepatic capsule is covered by mesothehum that is contmuouS 
with the general peritoneum (Fig 20& B) Along its mid-dorsal and mid-- 
ventral lines the liver maintains permanent connections uith the ventral 
mesentery The portion of the mesenteiy that extends from the stomach 
and duodenum to the hv er is the lesser omentum (Fig 2 13) , for conv emence 
it IS more specifically subdivided and given tuo regional designations, the 
kepato-gastne and hcpato-duodeual hgameuts The mesenterial attachment 
of the liver to the ventral body nail is named the falciform ligament (Fig 
212 B) because it extends caudad, from diaphragm to umbilicus, in a sicUe- 
shaped fold (Fig 210) 

The pentoneum does not invade the area of contact uhere the liver 
abuts against the septum transversum (later, the diaphragm) Instead it 
reflects from the diaphragm to the otherwise exposed surfaces of the liver, 
leaving a ‘bare area’ on the diaphragm This area is continued dorsolaterad 
by prolongations of the lateral liver lobes knou-n as the coronary appen- 
dages (Fig 203) The attachment of the hver to the septum transversum 
then has the outline of a croun (Fig 216) uhost name, the coronary hga- 
meut, is more appropnate at this stage than later (Fig 217) As these 
illustrations shou , the dorsov entral extent of the coronary ligament is rela- 
tively reduced during later development and the shape becomes more cres- 
centic Nevertheless, the coronary ligament is extended caudad someuhafc 
b> an attachment established between the right lobe of the liver and the 
ndge t'caval mesenler> ’) in which the infenor vena cava of this level is 
developing The lateral extensions of the coronary appendages upon the 
diaphragm give nse to a triangular ligament on each side (Fig 195 C) 

The hgamentnm unosiim and ligamentum teres are not mesentenes but 
obliterated blood channels, they are desenbed in Chapter XV 

In general, the se\eral displacements and secondary fusions of the 
pnmitive mesentery, alread> recorded cause its> line of attachment with the 
body wall and diaphragm to depart markedly, from the ongmal midsagittal 
position The final condition is illustrated in Fig 217 
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B and 217) The fusion between omental bursa and transverse colon has 
been described in an earlier paragraph (p 249) Tlic st(^ntoid mesocolon 
remains free (Fig 215 B) but the primitive lacierfchoa obliterates (Fig 217) 
Specialization of the Ventral Mesentery — Ihc same splanchnic meso- 
dermal lasers that compnsc the dorsal mesentery also continue around the 
gut and recombine beneath it as the ventral mesentery This mesentery 
IS associated intimately with two important organs, the heart and the liver 
The primordial heart becomes an elongate, single tube by the progressive 
‘union’ (c/ p 521) of paired blood vessels, each coursing in a corresponding 
fold of splanchnic mesoderm (Fig 287) lienee, through its very manner 
of formation, the heart lies beneath the fore-gut and is contained within a 
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Fic 216 — JVIescnteml relations in the region of the diaphragm shoivn in a simplified modd 
of a 14 mm human embryo (adapted by Prentiss) The liver has been cut away from its attach- 
ments to permit the observer to look cephalad toward the septum transversum 


specialized region of the ventral mesentery (Figs 207 and 208 A) The 
dorsal portion of this mesentery constitutes the dorsal rmsocardimn For a 
bnef penod it suspends the heart (Fig 388 B), but soon disappears, there- 
after the heart lacks any mesentenal support The ventral portion, or 
ventral ntesocardiim is at best transitory and in mammals is said to have no 
real existence as such ^ Secondary shiftings and re-arrangements cause the 
heart and pericardium to occupy the ventral region of the permanent 
mediastinum (Fig 230) 

The septum transversum, and the Jiver which grows within its sub- 
stance, are even more significantly related to the ventral mesentery of the 
lower esophagus, stomach and upper duodenum At first these divisions 
f the fore-gut directly overlie the septum (Fig 220 A) When, however. 
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evtra-embryoiiic mesoderm that lies between the embryo proper and the 
pnmitive chononic capsule (Fig 64 A) This cleft appears toward the end 
of the second week and divides the extra-embryonic mesoderm into a 
soiiiadc layer, which lines the chonon, and a splattchmc layer which invests 
the yolk sac The space itself is the ccelom, while the mesodermal cells that 
bound It flatten into a limiting membrane called mcsothilnwi 

About one week later (at the beginning of somite formation) numerous 
honzontal clefts appear also in the unsegmented mesoderm of the embryo 
Itself, these he lateral to the mesodermal segments and begin to split the 
solid mesodermal sheet of each side into a somatic and a splanchnic layer 
(Fig 218) Such isolated ccelomic spaces coalesce first in the head region 
where they form a canal on each side, these cavities do not communicate 
laterally with the extra-embryonic ccelom The cranial ends of the two 
coelomic channels are continuous with a space located ahead of the embryo 
(Fig 219 A, B) Since this is the cardiac region, the pencardial coelom 



A B 


Pro siS — Ongin of the human intra embfjomc ccelom b> transverse sections 

X 65 Ihe nght half of each section i$ somewhat mort advanced than the left /I At two 
somites B at sev en somites 

presently underlies the heart itself (C), due to the absence of any real 
ventral mesocardium in mammals (Fig 287 T) ^ 

Meanahile new spaces have been appeanng as fast as differentiation 
of the embryo in a taiUvard direction permits These then link up pro- 
gressively to extend the ccelomic cavities caudad In the region where the 
lungs will develop, 3ust caudal to the heart, the ccelom remains as two 
separate canals (Fig 219 C) At this level the head-end of the embryo is 
separating from the underlying blastoderm, and the body cavity cannot 
connect laterallv wnth the extra-embrj onic ccelom Caudal to each pros- 
pective lung-region a communication with the extra embiyonic ca\it> still 
exists m this specimen Thus, in an embiy o about 2 5 mm long, the ccelom 
of the embrjo compnses a fl-shaped system, the thick bend of the fl corre- 
sponds to the pericardial caaty, whereas the nght and left limbs may be 
called pleural canals The peritoneal cavitj as such, has not differentiated 
at this stage, but the continuation of ccelomic development in a caudal 
direction, combined with the separation of embryonic from extra-embryonic 
regions, soon brings it into existence 

The earliest coelom occupies a flat hon^-ontal plane (Fig 219). but the 
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AooraaUes — The mesenteries show frequent variations of form and rchtions, these are 
commonly due to the persistence of simpler cnj)>oo^*c conditions and arc then correhted 
mtb infnbjted development of IJjp inlesimal canal On the other band more extensive 
changes than normal ocair for example* the sigmoid mcsf^colon may be obliterated b> ad 
hesion In at>out one fourth of all cases the ascending or tlcsccnding mesocolon is more or 
less free faultj fusion nith the dorsal peritoneum accounts for some of these conditions, 
while others appear to be secondarily acquired after cbildboofl If fixation of the intestine 
fads entirely, the bowel may twist about the root of its fan sliaped mesentery (.vehidus) and 
give nsc to obstruction The primitive cavity of the omental bursa sometimes falls short of 



Fig 317— final Unes of attachment ot the human mesenteries to the dorsal abdominal wall 
And diaphragm 

its normal degree of obliteration In these instances the infenor recess may extend to the 
caudal end of the greater omentum, as is nonuat in manv maimnals 

THE CCELOM 

The Primitive Coelom — OnginaJly the coelom of ammals was used as 
a temporary reservoir for excretory wastes, but this function has been 
superseded m vertebrates so that it now serves as a large bursa to permit 
fnctionless movement of the heart, lungs and abdominal viscera From 
the standpoint of development, the coelom permits the visceral organs to 
irrow and shift position without hindrance 

^ The first occurrence of a body cavity m early human stages is m the 
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mesentery and gut At the end of this early penod the ccelomic system 
thus consists of single pencardial and peritoneal cavities, interconnected by 
a pair of pleural canals (Fig 220 B) As the embryo continues its folding 
and elongation, the pentoneal chamber is separated progressively from the 
evtra-embryonic coelom , the last region of closure is at the site of the devel- 
oping umbilical cord 

Tuo specialized portions of the intra-embryonic ccelom will not be 
considered in the account that foUoi^s One, the myoco^lcs or tiny cavities 
of the mesodermal segments, disappears early and has onlj an histoncal 
significance (Fig 219 C) The other, the vaginal sacs, extends from the 
inguinal region of the abdominal cavity into the scrotum (Fig 270), their 
development will be described m Chapter XIV 

The division of the continuous, primitive coelom into separate, per- 
manent cavities is accomplished through the development of three sets of 



weeks X 15 /I, Opened calorn viewed from the left side B DiiRrammatic section in the 
plane indicated by the arrow in A showing the position and relations of the septum 

partitions They are (i) the unpaired sepitim transiersitm, which serves 
as an early, but incomplete, diaphragm, (2) the paired pletiro-pcncardtal 
membranes, which join the septum and complete the division between pen- 
cardial and pleural cavities, and (3) the paired plcuro-pentoneal membranes, 
which also unite with the septum and complete the partition between each 
pleural cavity and the peritoneal cavity 

The Septum Transversum — ^When the pencardial region undergoes the 
reversal of position that brings it beneath the embryo proper, the onginal 
cranial margin of the pericardium becomes its definitive caudal wall (Fig 
70) This unsplit mass of mesoderm then constitutes a transverse partition 
occupying the space between the gut, yolk stalk and ventral body wall 
(Fig 221/1) Standing thus between the pencardial and abdominal cav- 
ities, it IS called the septum iransitrswn It is, however, an imperfect 
septum since the paired pleural canals, which connect the pencardial and 
abdominal portions of the general cceloin, course dorsally above the septum 
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forward growth of the head-end of the embryo and the accompanying 
reversal of the cardiac region presently swing the pcncardial cavity to a 
more ventral position beneath the embryo (Fig 70) This single, pen 
cardial chamber still communicates with the paired pleural canals, which 


Pericardial calotri’ 


Rostral end of head. 



Caudal limit of calom^ 
Isolated eeloimc space 



" Cranial end of head 
— Pericardial canty 


^t'l^Communtealion vtlh 
^ 'Tj eilra-embryontc ccelom 

Z \"i ~ilyoceele tn somite 8 


Fio 219 —Eatiy coelom of human embrjos m dorsal \i<n\ (adiptcd) X 25 <4, At one somite 
B, at tno somites C at nine somites. 
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Pericardial cavity 
Common cardinal lein- 


Septum transtersum' 



Pulmonary ridge 
{Pleura pericardial membrane) 

Site 0/ future pleural cavity 

Pleura peritoneal membrane 
Liter 

Peritoneal catnty 


Fig 324 —Model of a ni,ht portion of the human coelom at 5 mm (adapted after Frazer) The 
model IS cut longitudinally near the midphne 



Fig 32 $ — Model of right portion of the human coelom at 13 mm (adapted after Frazer) The 
model IS cut longitudinally near the midplane 



Fjo 226 Model of a nght portion of the human coelom at 16 mm (adapted after Frazer) The 
model IS cut longitudinally near the midplane 

caudal mass draws away, thus producing the ventral mesentery (containing 
the hver) as already desenbed (p 252 , Fig 207) Since both the primitive 
heart and liver abut against the septum, the stems of all the great veins 



Fig 233 — Models of human embryos, cut across the pleural cavities and viewed in a caudal 
direction /i, At 7 5 ram (afte- Ifollman X 17) B, atj6mm (after Frazer X ts) 

tional membranes these complete the isolation of the pencardial, pleural 
and peritoneal cavities and, in so doing, produce a true diaphragm 

Only the cranial part of the early septum transversum continues in 
its role as an actual partition (Fig 220 A) The liver bud penetrates the 
more caudal portion of the septum and, as the hver increases in size, this 
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of the median plane, and the heart and lungs are removed The free, 
papillary border of the pulmonary ndge is apparent in Fig 224, but in 
embryos 1 1 mm long it pins the median mass of mediastinal tissue Hence 
Figs 223 and 226 show the completed (and greatly expanded) membrane 
Other views of this closure are given in Figs 227 and 228, which are also 
dissections of the pencardial and pleural cavities Here one looks caudad, 
after the head and part of the pericardium have been removed by a cut 
These stages illustrate the way m which the pulmonary ndge comes into 
relation with the median mass between the lungs, thereby closing the com- 
munication between the pleural and pencardial cavities and masking the 
lungs from view In Fig 228 a mere slit still exists, somewhat like the 
permanent condition m sharks, but this aperture closes in stages immediately 
following 



Fig 228 —Model of the human pencardial ca\ity, at lo mm , opened kcntrally (after Frazer) 
The plane of section is indicated on Fig 227 <1 

The Pleuro-pentoneal Membrane*’ — This pair of membranes is pro- 
duced -when the lungs can find room for lateral expansion only by invading 
the adjoining body wall Representative stages are shown in Figs 224 to 
226 At first there is merely a shallow and narrott space between the 
common cardinal vein (and pulmonary ndge) cranially and a quite separate 
fold now appeanng caudally (Fig 224) The latter represents a dorso- 
lateral extension of the caudalmost portion of the septum transversum 
Soon, however, grow'th of the lung and shiftings of the liver and common 
cardinal vein create more room between these pleural boundanes In such 
manner a definite pleuro-pentoneal membrane is brought into existence 
(Fig 225) Continued expansion of the pleural cavit> progressively in- 
creases the area of this membrane, and of the pleuro-pencardial membrane 
as well (Fig 226) The opening between pleural and pentoneal cavities 
becomes reduced dunng the seventh week (Fig 223 B) and closes shortly 
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(vitelhne, umbihcil and cardinal) coui^ through Us substance as they jesn 
the heart {Fig 386 

The septum transversum of a 2 mm embrj o occupies a position opposite 
the highest occipital somite (Fig 222) It then enters upon \\hat is usually 
desenbed os an cvtcnsivc caudal migration, this displacement is, however, 
only relative and is caused chiefly by a faster forward growth of the dorsal 
body which leaves the more ventral structures behind When opposite the 
fourth cervical segment the septum receives the phrenic nerve, by way of 
the pleuro-pencardnl membrane, and carries it along (Fig 229 A) The 
final location of the septum is at the level of the first lumbar segment, this 
position IS attained in an embryo of two months (Figs 222 and 229^) 

The Pieuro-pericardia! Membrane^ — In a 4 mm embryo the lungs 
begin to develop w ithin the mesial mass of mesenchyme that separates the 



Fig 237 — Model of the hunnn picuro pcncardnl cavjty at 5 mm opened i.entra 5 l> {after 
Frazer) X The plane of section 15 indicated on A 

two pleural canals, and soon bulge into them. (Figs 220 A and 225 A) The 
canals thereby become potential pleural caotttes and will be so termed here 
after At this penod the common cardinal veins (ducts of Cuvier) on their 
way to the heart, curve around the pleural cavities laterally in the somatic 
body wall (Fig 220 A) Each vein courses in a mesodermal ndge that 
projects mesad into the adjacent pleural canal (Fig 223 A) This major 
elevation ends in a projecting, irregular edge known as the pulmonary rtdge 
(of Mall) When the ndge of each side presently grows into contact wnth 
the median mass of tissue (primitive mediastinum) and fuses with it, the 
separation of pencardial and pleural cavities is consummated 

The stages leading to this closure can be traced in Figs 224 to 226, 
which represent dissections of the nght body wall viewed from the inner 
side The body cavities have been opened by a section cutting to the nght 
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In this growth the lungs expand especially in lateral and ventral directions, 
splitting off additions to the pleuro-pencardial membranes as they advance 
(B, C) Thus the lungs more and more come to flank the heart The 
membrane then separating heart from lungs represents not only the original 
pleuro-pencardial membranes but also the additions to them gamed from 
the splitting of the body wall The final partitioning membrane surrounds 
the heart like a sac and is named the pmcardmm (Fig 301 B) 

The Diaphragm ' — The complete separation of the pleural cavities from 
the abdomen by a diaphragm is a distinctive mammalian charactenstic It 
increases greatly the power of inspiration and, in its capacity as a septum, 
restnets to the thorax the negative pressure produced dunng inspiration 



Fig 231 —Diagram identifying the se'eral contributions to the definitive dnphmgm (Patten, 
after Bromnti) 

The liver grows enormously during the second month, and on both sides 
some of the adjacent body ^all is taken up into the septum transversum 
and pleuro pentoneal membranes 1 he completed diaphragm is then de- 
nvedrfrom four sources (Fig 231) (i) its ventral portion, from the septum 
transversum, (2) its lateral parts, from the pleuro-pentoneal membranes, 
plus (3) denvatives from the body wall, (4) lastly, a median dorsal portion 
IS contributed by the dorsal mesentery In addition to these components 
there is the stnated muscle of the diaphragm, which traces ongm to a pair 
of premuscle masses lying opposite the fourth cervical segments of ^ mm 
embryos This is the level at which the phrenic nerve enters the septum 
transversum The exact ongm of these muscle pnmordia is in doubt, but 
they probably represent portions of neighbonng cervical mjotomes The 
muscle masses migrate caudad with the septum transversum and develop 
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THE UROGENITAL SYSTEM 

The unnary and reproductive systems are intimately assoaated m 
ongin, development and certain final relations Both anse from the meso- 
derm as a common urogenital ndgt , even though further growth soon bnngs 
about a subdivision into nephnc and genital regions, the two systems develop 
from tissue in close approximation Both drain into a common urogenital 
sinus, especially is this notable in the male where the urethra is utilized 
permanently as a common unnary and genital duct Details of all these 
inter-relations wall be made clear as the chapter progresses 

The history of each system is complicated Some organs result from 
the association of structures ongmally separate and even remote Other 
parts appear, onl> to disappear after a transitory existence during which 
they may never have functioned Still other structures designed for one 
purpose abandon their onginal course and are turned to new uses In 
this interwoven story it is far simpler to pursue separate narratives for the 
unnary and genital s> stems than to attempt a synchronized descnption 
As with other hollow viscera, it is the epithelial constituents that are 
pnmanly important and their development that w^ll be chiefly discussed 
The accessory, investing coats of muscle and connective tissue organize 
dunng the third month from condensed, neighbonng mesenchyme 

THE URINARY ORGANS 

Vertebrates have made three distinct expenmen ts in the production of 
kidneys Beginning with the simplest type m the lowest vertebrates two 
improved organs have appeared successively m higher forms As might be 
anticipated, the embryos of the higher vertebrates indicate this progress by 
repeating the same kidney sequence dunng development, nowhere can be 
found a better illustration of the pnnciple of recapitulation The earliest 
and simplest excretory organ was the pronephros, functional today only in 
such adult forms as Amphioxus and certain lampreys The pronephros, 
nevertheless, does serve as a provisional kidney in larval fishes and amphib- 
ians, but It is replaced by the mesonephros which remains as the permanent 
kidney of these animals The embryoe of reptiles, birds and mammals 
develop first a functionless pronephros and then a mesonephros (functional 
in some groups dunng fetal life), whereas the final kidney is a new organ, 
the metanephros These three kidneys develop successively and over- 
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best in the dorsal portion of the diaphragm The central, tendinous area 
apparently anses through muscle degeneration 

Anomalies — The persistence of t dorsal opening in the diaphragm, usmllj on the 
left side, finds its explanation in the imperfect development of the plcuro pcntoncal mem 
brans Such a defect may lead to one type of diaphragmalic hernta, the abdominal viscera 
projecting to a greater or less extent into the corresponding pleural cavity (Pig 232 A, B) 
An intact diaphragm, ncaJ^ened by being locally deficient in muscle, can also hcmiate into 
a pleural cavity, but m this instance the abdominal viscera arc contained in a sacculation 
of the diaphragm Allied in nature is the faulty development of a plcuro pcncardial mcm 
brane which sometimes causes the cavities containing the heart and lung to communicate 



Fio 233 — Anomalies of the human ccelom A, Hernia of the intestine into the left pleura! 
cavity B, Cephalic surface of a diaphragm with a defect like that in A C, Incomplete pen 
cardium, with the heart and left lung occupying a common cavity A, Lung, T, thymus 


or even to occupy a common cavity (C) Congenital herniation of the abdominal ccelora 
into the umbilical cord has been described in an earlier chapter (Fig 191 D) The nor 
mally temporaty vaginal sac, which extends into the scrotum, may persist throughout 
adult life (Fig 272) 
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CHAPTER XIV 


THE UROGENITAL SYSTEM 

The unnar^' and reproductive systems are intimately associated in 
ongin, development and certain final relations Both anse from the meso- 
derm as a common urogenital ndge, even though further growth soonbnngs 
about a subdivision into nephne and genital regions, the t\\ o systems develop 
from tissue in close approximation Both dram into a common urogenital 
sinus, especially is this notable in the male where the urethra is utilized 
permanently as a common urinary and genital duct Details of all these 
inter-relations mil be made clear as the chapter progresses 

The history of each system is complicated Some organs result from 
the association of structures originally separate and even remote Other 
parts appear, only to disappear after a transitory' existence dunng nhich 
they may never have functioned Still other structures designed for one 
purpose abandon their original course and arc turned to new uses In 
this intemoven storj it is far simpler to pursue separate narratives for the 
unnary and genital systems than to attempt a synchronized destnption 
As with other hollow viscera, it is the epithelial constituents that are 
primarily important and their development that will be chiefly discussed 
The accessory, investing coats of muscle and connective tissue organize 
dunng the third month from condensed, neighbonng mesenchyme 

THE URINARY ORGANS 

Vertebrates have made three distinct expenments in the production of 
kidneys Beginning with the simplest type in the lowest \ertebrates two 
improved organs have appeared successively m higher forms As might be 
anticipated, the embryos of the higher vertebrates indicate this progress by 
repeating the same kidney sequence dunng development, nowhere can be 
found a better illustration of the pnnciple of recapitulation The earliest 
and sunplest excretory organ was the pronephros, functional today only in 
such adult forms as Amphioxus and certain lampreys The pronephros, 
nevertheless, does serv e as a provisional kidney in larval fishes and amphib- 
ians, but It IS replaced by the imsonephros which remains as the permanent 
kidne> of these animals The embryos of reptiles, birds and mammals 
develop first a functionless pronephros and then a mesonephros (functional 
in some groups dunng fetal life), whereas the final ladne> is a new organ 
the metanephros These three kidneys develop successively and over- 
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lappingly, one caudad of the other, m the time and place order named 
(F‘S 233 ) 

All three kidney types are aggregates of unnifcrous tubules, ivhich have 
a common source of ongm and evhibit somewhat the same structural plan 
They arise from the mesoderm of the intermediate cell mass, or nephro- 
tome, this tissue lies just lateral to the mesodermal segments and connects 
the latter with the somatic and splanchnic layers of mesoderm which enclose 
the coelom (Figs 234 A and 235 B) In conjunction with all three tubules 
there is a vascular tuft (glomerulus), specialized for separating unnary 
wastes from out the blood The collected waste products are then con- 
ducted to the common excretory duct which discharges them from the body 



Fig 233 — Locations and relations of the three kidne> types in rmmmals (fecmi diagrammatic) 
A, Ventral dissection the left side showing a later stage than the right B, Lateral dissection 


The Pronephros — The functional pronephros of lower vertebrates con- 
sists of paired pronephrtc itibtdes, arranged segmentally One end of each 
tortuous tubule opens into the coelom, the other mto a longitudinal excre- 
tory duct which drams into the cloaca (Fig 234 C) The cihated, funnel- 
shaped communication with the body cavity is the nephrostome Near by, 
but entirely separate from each tubule, an arterial tuft projects into the 
coelom These external glomeruli, covered only by thin splanchnopleure, 
filter wastes from the blood into the coelom The mixture of unne and 
coelomic fluid is then taken up by the tubules and earned by ciliary currents 
into the mam excretory duct As imphed by its name, the pronephros is 
located well cephalad in the body (Fig 233), for this reason it has often 
been called the ‘head kidney ’ 

Although the human pronephros is vestigial, it is as well developed as 
that of any reptile and better represented than in birds and other mammals 
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It consists of about seven pairs of rudimentary pronephnc tubules, formed 
as dorsoUteral sprouts from the nephrotomes of the seventh to the four- 
teenth mesodermal segments, and sometimes from more cranial somites as 
uell The earliest tubules begin to degenerate before the last in the senes 
appears At their attached ends the ongmally solid nodules hollow out and 
open into the ccelom (Fig 234), the distal, or free ends bend backward, 



ABC 
Fig 234 — De\elopment of the human pronephnc tubule illustrated by transiersc sections of 
eafl\ embrjos (semidngramtnaticj X about 140 



Pronepkrtc tubule 
A 


^Splanchnic mesoderm 
Uolochord Entoderm 


Fig 235 — Development o£ the pronephnc system illustrated by models (after Fell's and 
Burlend) A Higher level of an embryo with tubules and duct completed B, Lower level 
with tubules still forming and linking together C, Relation of the pronephnc sjstem (in black) 
to the embr>o as a whole 


canalize and unite into a longitudinal collecting duct (Fig 235) Caudal 
to the fourteenth somite pronephnc tubules do not develop Nevertheless 
the free end of the collecting duct, by a process of terminal growth, pushes 
caudad between the ectoderm and the nephrotomes until it reaches the 
lateral wall of the cloaca and perforates it Thus are formed the' paired 
pnmarj excretory ducts, which at this penod bear the name of pronephnc 
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The proncphnc tubules begin to appear m embryos with nine somites 
and, at the 23-somite stage, all have been formed Soon aftenvard, in 
4 mm embryos, the two proncphnc ducts reach the wall of the cloaca and 
promptly communicate with its lumen The degeneration of tubules is 
concluded at about this time, but the proncphnc ducts persist and serve 
as the mam excretory ducts of the next set of kidneys, the mesonephroi 
The Mesonephros — The mesonephros, or Wolffian body, is larger than 
the pronephros, not only docs it contain more tubules, but also these are 
longer and more complicated It is located farther caudad and is appro- 
pnately named the 'middle kidney’ (Figs 233 and 237 A) Unlike the 
pronephros, the pnmordium of the mesonephros differentiates into tubules 
only, these drain into the proncphnc duct which is retained as an excretory 
canal and is henceforth known as tho mesonephrte (WolJJlan) dud Whereas 
the pronephros IS entirely functionless 
m higher vertebrates, the mesonephros 
apparently serves the embrjo as a 
tcmponiy excretory organ ‘ 

The mesonephros, like the pro- 
nephros, consists essentially of a senes 
of tubules, each of which at one end 
becomes associated with a knot of 
blood vessels and at the other end opens 
into the mesonephne duct (Fig 236) 
But the mesonephne tubule differs m 
two important respects (i) the glom- 
erulus IS internal (t e , it indents the 
blind end of the tubule, and excreta 
from the blood pass directly into the 
tubule’s lumen), and (2) the nephro- 
stome IS at best transitory and never serves as an actual mouth to the tubule 
proper 

The mesonephne tubules anse just caudal to the pronephros and from 
the same general source, the nephrotome region In man, however only a 
few of the more cranial tubules trace origin to discrete nephrotomic masses, 
for caudal to the tenth pair of sranites this badge of mesoderm remains 
unsegmented Nevertheless it do^ retain the same potentialities, and in 
preparation for tubule formation, separates into a continuous longitudinal 
bar, this so-called nephrogenic cord extends caudad as far as the twenty- 
eighth somite As a whole, the mesonephne tubules bear no significant 
relation to the body segmentation, and commonly two or three (but even as 
many as nine) lie withm the distance measured by a single somite Their 
differentiation is induced by the nearby pixmephne duct ^ 



Mesonephne tubule 
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Fig 236 — Fonn and relations of atiuman 
mesonephne tubule shown in a transverse 
section at S mm (semidiagraramatic) 
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DifcrcnttaUon of the Mesonephros — In embryos uith about eighteen 
somites the nephrogenic cord begins to divide into sphencal masses of cells 
which are destined to become mesonephric tubules These appear first 
opposite the fourteenth somite, ^.hereupon new pnmordia differentiate 
chiefly in a caudal direction although some are added abo\ e the initial level 
Thus, in a 5 mm embryo (uith nearly all of its somites present) the cephalic 
limit IS reached at the ninth somite (definitive si\th cervical), so that the 
highest tubules overlap those of the pronephros At 7 mm the caudal 
limit is reached at the tuent>-sixth somite (third lumbar) (Fig 237) 

Immediatelj after their appearance, the ongmally sphencal masses of 
mesonephrogenic tissue hollow into vesicles (Fig 238 A, B) Each of these 
sends a solid extension to unite with the pronephne (now mesonephne) 
duct nearby {B) To complete a mesonephne tubule there is further can- 
alization, growth with S-shaped bending, and association with a glomerulus 
(C, D) ^ The free end of the tubule enlarges and becomes thin-w ailed as a 
knot of blood vessels (the glomerulus) indents one side The double-walled 
vesicle, thus invaginated like a simple gastrula, is Bowman’s capsule, the 
capsule and glpmerulus together compnse a unit known as the mesonephne 
corpuscle (Fig 239 A) Traced farther distad each tubule shows first a 
thicker, lightcr-staming, secretory segment and then a thinner, darker- 
staining, collecting segment which, in turn, connects with the mesonephne 
duct (B) ® The glomeruli occupy a medial column m the gland, the duct 
IS lateral in position and the tubules arc largely dorsal Lateral branches 
from the aorta supply the glomeruli, while the postenor cardinal veins, 
dorsally placed, break up into a network of sinusoids about the tubules, 
these latter channels are continuous in turn with the siibcardinal veins and 
constitute a true renal-portal system, as in lower vertebrates 

When the developing mesonephne tubules begin to enlarge, there is 
not room for them in the dorsal body wall and they accordingly bulge 
ventrad into the coelom On each side of the dorsal mesentery there is thus 
produced a longitudinal urogeutial ridge which attains its greatest relative 
length at about 8 mm by extending a distance of some fifteen somites 
(Fig 252 A) Soon after its formation this common fold subdivides into 
a lateral mesonephne ridge and a medial genital ndge {B, C), both are 
suspended from the dorsal body wall by a narrower part of the ongmal 
fold which serves as a mesentery The mesonephros of man, along with 
that of the cat and guinea pig is somewhat small (Fig 252) By compar- 
ison, the mouse and rat have a tmy gland, while that of the sheep is medium- 
sized and the pig and rabbit have extremely large Wolffian bodies with more 
complexly coiled tubules (Fig 239 O' In a general way, these varying 
degrees of size and differentiation are in inverse relation to the efficiency of 
the placenta as an excretory organ 
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The pronephnc tubules begin to appear in embryos with nine somites 
and, at the 23-somitc stage, all have been formed Soon afterward, in 
4 mm embryos, the two pronephnc ducts reach the wall of the cloaca and 
promptly communicate with its lumen The degeneration of tubules is 
concluded at about this time, but the pronephnc ducts persist and serve 
as the mam excretory ducts of the next set of kidneys the mesonephroi 
The Mesonephros — '1 he mesonephros, or Wolffian body, is larger than 
the pronephros, not only does it contain more tubules, but also these are 
longer and more complicated It is located farther caudad and is appro 
pnately named the ‘middle kidney’ (Figs 233 and 237 A) Unlike the 
pronephros, the pnmordium of the mesonephros differentiates into tubules 
only, these drain into the pronephnc duct which is retained as an cxcrctoiy 
canal and is henceforth know n as the mcsoitephrtc (\VolJfiati) duct Whereas 

the pronephros is cntirelj functionless 
in higher vertebrates, the mesonephros 
apparently serves the embryo as a 
temporary excretory organ ‘ 

The mesonephros, like the pro- 
nephros, consists essentially of a senes 
of tubules, each of which at one end 
becomes associated wath a knot of 
blood V essels and at the otherend opens 
into the mesonephne duct (Fig 236) 
But the mesonephne tubule differs m 
two important respects (1) the glom- 
erulus IS internal (1 e , it indents the 
blind end of the tubule, and excreta 
from the blood pass directly into the 
tubule’s lumen) , and (z) the nephro- 
stome IS at best transitory and never serves as an actual mouth to the tubule 
proper 

The mesonephne tubules anse just caudal to the pronephros and from 
the same general source the nephrotome region In man, however, only a 
few of the more cranial tubules trace ongin to discrete nephrotomic masses 
for caudal to the tenth pair of somites this bndge of mesoderm remains 
unsegmented Nevertheless, it does retain the same potentialities, and, in 
preparation for tubule formation, separates into a continuous longitudmal 
bar, this so-called nephrogemc cord extends caudad as far as the twenty- 
eighth somite As a whole, the mesonephne tubules bear no significant 
relation to the body segmentation, and commonly two or three (but even as 
many as nine) he within the distance measured by a single sormte Their 
differentiation is induced by the nearby pronephnc duct ^ 



Pig 236 — Porni and relations of ahunun 
mesonephne tubule shown in a transverse 
section at 5 mm (semidiagrammatic) 
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of the fourth month Hov. the male genital system salvages the mesonephnc 
duct and the remnants of the tubules, and utilizes them for new purposes, 
will be traced later in the chapter (p 294) Meannhile it is necessary to 
describe the contnbution of the mesonephnc duct to the permanent unnary 
system 

The Metanephros — The permanent kidney of amniotes arises far cau- 
dad in the body (J ig 233) As in the case of the mesonephros, the essential 
parts of the permanent kidney arc the renal corpuscles (glomeruli and 
Bowman’s capsules), secretory tubules and collecting tubules Also like the 
mesonephros, the metanephros is of double ongin, but in this instance the 
duality e\tends even into the unnifcrous tubules The ureter, renal pehis 
calyces and collecting tubules arc all derived from a bud growing off the 



Fig 239 -"^Models, of miture mesonephnc tubules A Human tubule at 10 mm pirtjy 
opened and supenmposed on a section of the left mesonephnc nd^e (X 95) B, Human tubule, 
ati'^mm (X 75) C, Pig s tubule it 80 mm (after McCiUum X 3) 


mesonephnc duct (Fig 240) On the other hand, the secretory tubules and 
Bowman's capsules differentiate from the caudal end of the nephrogenic 
cord and thus ha\ e an ongm similar to that of entire mesonephnc tubules, 
but at a lower level Secretoty and collecting portions then unite second- 
anly to complete the continuous nnntfcrons tubitles, yet in structure and 
function these two components remain as different as was their origin 

In embty os of four weeks (4 mm ) the mesonephnc duct makes a sharp 
bend just before joining the cloaca It is at this angle (level of the twenty- 
eighth somite) that the ‘uretenc’ pnmordium appears, dorsal and somewhat 
medial m position (Fig 24a rl) The early pnmordium takes the fonn of a 
hollow bud which grows at first dorsad and then turns cephalad The 
proximal, rapidly elongating portion of this evagination is> the future urcler, 
while the distal, blind end expands at once into the pnmitive renal pdcis 
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Embryos four to nine weeks old have a rather constant number of 
about thirty tubules in each mesonephros,® and within these timelimits 
the ghnd reaches the height of its development (Fig 237) However, after 
the fourth week progressive degeneration of the more cranial tubules and 
continued new formation at the caudal end of the ndge effect a wavehke 
settling of the gland caudad As a result of this, the upper five-sixths of 



Mesonephric duel 




Fig 237 — Location and composition of the Fic 238 — Diflerentiation of a human 

human mesonephros A, At 8 mm (after Shiki raesonephne tubule shown m simplified 
nami X 45) At 10 mm showing the meso sections (adapted after Felix) X about 
nephne region in greater detail (after Felix X 35 ) *00 


its extent is lost by the end of the second month The cranial remnant is 
reduced to a band known as the dtaphragntahe hgament of the mesonephros 
In the remaining one sixth, new tubules seemingly arise partly by the bud- 
dmg and splitting of those already present In all, a maximum number of 
about 80 pairs of tubules is possible, of which some 34 pairs persist at nine 
weeks * Half of these are already nonfunctional, while within another week 
all become discontinuous,® yet degeneration is not complete until the end 
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pnmary tubule two or three secondary tubules sprout off (D) These in 
turn give nse to tertiary tubules {D, E) and the process is repeated into 
still higher orders In the fifth month of fetal life twelve generations of 
tubules have been developed, while at the time of birth there is a maximum 
number of twenty branchings 

The renal pelvis and the pnmary and secondary tubules enlarge greatly 
dunng their early developmental penod (Fig 242 A, B) The cranial and 
caudal pnmary expansions (pole tubules) become the major calyces {C, i) 
while the several secondary tubules form the mnwr calyces (C, 2) The 
tubules of the third and fourth orders are soon taken up into the walls of 
the enlarged secondary tubules, so that the tubules of the fifth order, 20 to 




Fig 243 — Organization of the human metanephros A Model at 8 mm (X 80) B, 
Model at 12 mm (X 65) C Diagram of relations at nine iseeks (X 40) D Front tl section, 
at birth (X i 5) 


30 m number then open into the minor calyces as papillary ducts {D) The 
remaining higher orders of duergmg tubules constitute the permanent, 
straight collecting tubules, these make up a large part of the medulla of the 
definitive kidne> and also project into the cortex as the cortical (sometimes 
called medullary) rays, or pars radiaia of the cortex The aggregate of all 
such tubular ‘trees’ that dram into any one, secondary calyx comprises a 
renal unit know n as a ramid its base faces the periphery of the kidney 
and Its apex, or papilla, projects into a calyx (D) Later these pnmary 
pyramids are subdivided into secondary and even tertiary pyramids, so that 
each calyx comes to receive more than one papilla 

The simple epithelium of the collecting tubules elevates to a distinctly 
columnar type By contrast, the renal peltis and ureter differentiate into 
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(B) On Its first appearance (s mm ) the uretenc bud pushes into a mass 
of condensed tissue which is the caudalmost portion of the nephrogenic 
cord (/I) This mctancphrogcnic mass separates from the more cranial 
mesonephrogcnic tissue and «;«rroiinds the pelvic dilatation hhc a cap (B) 
Straightening of the body is the probable cause of a displacement by which 
the joint kidney pnmordium rises cephaiad by the distance of four somites ” 
At si\ weeks the kidney has thus attained Us definitive jrasition, it lies m 




Pio 240 —Onpin m<! cit\\ rchUans <»( the humm mttinrphTOi. jiluslntciJ by n'roaMruetJfns 
viewed from the kft bMk 4 Aismm 1X35) ^.atnmm (X 2Sl 



Fio 241 — Development of the human aretcnc bud Uluslratcd n sidt view, by diagrams 
and a reconstruction (after Telit and liufaer) X 50 A, At 7 mm , B, at lo mm C it I3 mm 
D, at 13 mm C at ibout 20 mm 

a retropentoneal position dorsal to the mesonephros and at the level of the 
second lumbar segment 

Di^erenUattov of iJic Uretenc Bttd — ^The pnmitive renal pelvis flattens 
from side to side, and toward the end of the sixth week (10 mm ) primary 
collecting tubules grow out from it (Ftp 241 A, B) At first there are but 
two (cranial and caudal 'pole' tubules), but two less important 'central' 
tubules immediately follow them (C) From the enlarged end of each 
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stage of a solid sphere is soon converted into a \esicle wnth an eccentncally 
placed cavity {A, B) The vesicle then elongates, thereby producing an 
S'Shaped secretoiy’^ tubule (6*) nhich unites at one end nith the adjacent 
terminal collecting tubule (D) The thmner-\s ailed, blind end of the tubule 

becomes the capsule (Bowman’s) of a renal corpuscle {D, E) The stage 
of the S-shaped tubule is followed by marked elongation and twisting {E, F) 
The fully formed urmiferous tubule is arranged in a definite and orderly 
manner (Fig 245 C) Beginning with BoJiman's capsule each tubule con- 

.Meiantphrogentc tissue y*-'**V 


Fig 244. — Seraidiagrammatic stages of the differentiation of the mamm ihan unniferous tubule 
(Huber) In A-E the left half of each figure shows an earlier condition than the nght 
r Renal corpuscle n its neck pc proximal conaoluted tubule dl al descending and ascend 
ing limbs of Htnle s loop I j junctional tubule o arch and e end branch of collecting tubule c 

sists of a proximal coiuoluicd portion, a U-shaped loop (of HenlO with 
descending and ascending limbs, a connecting piece w’hich lies close to the 
renal corpuscle and a distal conioluted portion continuous over into the 
collecting tubule These parts are den\ ed from the S-shaped pnmordium 
in a manner more easily traced by the differential markings in Fig 245 
than through a wntten descnption It should however, be noted that the 
pnmitive loop (of Stoerck) includes not only the definitive Henle’s loop but 
a portion of the proximal convoluted tubule as well The concavity of 
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a stratified ‘transitional’ epithelium, these parts of the unnary tract become 
invested with coats of smooth muscle and connective tissue 

DiJJereiitiatwn of the MeUmephro^atte Tissue — 1 he encapsulating mass 
of early metanephrogemc tissue shows two layers (Fig 242 A, B) The 
internal layer differentiates into the secretory tubules, uhcrcas the external 
layer becomes the interstitial connective tissue and pcnphcral capsule of the 
kidney 1 his progressive organization will not take place in the absence 
of an urctenc bud 

When the four primary collecting tubules bud from the pnmitne renal 
pelvis, the enveloping metanephrogemc tissue is subdivided into an equal 
number of masses, one of these covers the end of each pnmarj’ tubule (Fig 
242 D) As new orders of collecting tubules ansc progressively, each mass 
of nephrogenic tissue not only increases steadily in amount but also sub- 
divides in the same rhythm and is lifted to Inghcr and higher levels Since 
a small lump is left in association with each terminal 
collecting tubule, the metanephrogemc substance as a 
whole, is responsible for the appearance of a definite 
cortex (C, D) This constitutes a thick shell of tissue 
over the base of each pyramid As a further result of 
this t> pc of growth, the boundancs of the several pyra- 
mids arc indicated on the surface of the kidney by deep 
grooves (O Later, subdivision of both pyramids and 
cortex produces smaller units (D) 

Fie 243— Ixtemil The human fetalTvidncv thus comes to be distinctly 

lobation of the kidney , , , \ j 

of the human nm bom (P>S 243). this appennnee decreasing progres- 

X § sively in infancy and early childhood as the grooves 

slowly fill in On the other hand, lobation is per- 
manent m reptiles, birds and some mammals (whale, bear, o\) The meta- 
nephrogenic tissue itself differentiates into the secretory tubules, which in 
the aggregate comprise the pars convoluta, or labyrinth of the cortex (Fig 
242 D) The rest of the cortex is the pars radiata, resulting from an in- 
vasion of radial bundles of collecting tubules, as already explained In a 
reciprocal manner, the metanephrogemc tissue dips at intervals into the 
medulla, filling the spaces between pyramids, and is there designated 
the renal columns (of Berlin) 

The details of tubule differentiation are as follows During the seventh 
week some of the nephrogenic tissue about the ends of the collecting tubules 
condenses into sphencal mass^, these hang down in the angles between the 
end-buds of collecting tubules and their parent stems (Fig 244 A) One 
such metanephne sphere is the forerunner of each secretory tubule The 
formation of new spheres and their transformation into tubules continue at 
progressively higher levels as the cortex tiuckens throughout fetal life The 
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unne voids into the ammotic sac, this, in turn, is drunk along vith the 
amniotic fluid proper (p 109) The full bladder of a newborn is emptied 
shortly after birth 


Anomalies — \ Vidnev ma\ be lacking because of aj^enesis, or it ma> be present but 
dmrfcd Either an e'ttn pnmorclnim or subdiMSton of the ordmirj one is responsible 
for the rare!} occurring supemumerarj kidnei ihe two organs are sometimes united- 
most frequentl) b> their lower ends ( horse shoe ktdney , I ig ^46 B) Such unit> could 
re'sult either from secondan, earlv fusion or from normal urctenc buds growing into i com 
bmed mass of metanephrogenic tissue Double ureters, and renal peK es also occur, appar- 
entl> as the result of duplicated uretcnc bud^ {B) A partially cleft peKis and ureter trace 
ongin to a branched ureteric bud (B) 

A retention of \ arious embrs onic conditions explains other renal anomalies At times 
one or both kidncs s failto ascend from the primary peU ic position (Pig 246 A) Persistence 
of external lolniton mercU duplicates the normal adult condition m many animaK (/>) 



Fig 246 —Anomilies of the hum m kidney md ureter A, Unascended nght kidnty B 
Horse shoe kidney with fetal lobation retained (X 1 ) the nght ureter is cleft the Uft double 
C Conge nital cystic kidney (XI) 


Congenital cystic ktdnr\ is characterized bv the presence of blind secretory tubules that be- 
come dilated with retained fluid (C) the cause is attributed either to the pnmar\ non union 
of secretory and collecting tubules or to the cystic degeneration of secondarily detached 
tubules * 
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first the cloacal membrane extends from the tail bud to the body stalk 
(Fig 240 A), but later this expanse IS diminished relativel} bj the ingrowth 
of mesoderm to produce the infra-utnbiUcal bellj ^ all (S) At its cephalic 
end the cloaca gi\es off the lentrally directed allantoic stalk, laternlh the 
cloaca recen es the mesonephnc ducts» while it is prolonged caudad as the 
transitory tail-gut (Fig 24S A, B) 





Tig 
‘'Jde. A 
D at ii 


>llustnited bj models siened from the 
A at ^ 5 mm and 4 mm respcctnel> (after Pohiman X 
mm (after Keibel X 35) Ao astenok indicates the cJoital 


u, at « mm (X 50) 
stptum 


Subdivision of the Cloaca —The facing walk of the hind-gut and allan- 
tois meet in a saddle-shaped notch, or told, uhose apev points caud“g 
4 . ) The Hedge of mesenchjme filling this interval is the so-called 
/enra (or uro-rectal) The mesenchjmal mass push s caudad ,3 
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THE CLOACA 

The Primitive Cloaca — Vertebrates below the placental mammals re- 
tain a common cntodcrmal chamber into which fecal, unnarj and rcpro- 



Fig 247 — Region of the human cloan! membrane, in \entril vicv. A, At 3 mm (after Ketbcl 
X 60) B. at 21 mm (after Otis X 16) 


ductive products all pass, and from which they are cKpelled to the ettenor 
Higher mammals have subdivided this cloaca into a dorsal rectum and a 
ventral bladder and urogenital sinus In such manner two separate out- 
lets are gamed for fecal and urogenital discharge These changes are con- 
sequent on the evolution of an external penis in higher mammals, cloacal 
subdivision has also brought into existence a pennettm, separating the rectal 
onfice from the urogenital vent The developmental course of the human 
cloaca, before complete division is attained, recapitulates several stages 
permanent in lower mammals 

In human embryos with six ,omites the future cloaca is merely a blind, 
caudal expansion of the hind-gut which alreadif stands m contact \ entrally 
with the ectoderm Ihis area of union between ectoderm and entoderm 
constitutes the cloacal manbranc (Fig 247 4 ), a region just caudal to the 
primitive streak that has been turned under by the tail fold (Fig 70) At 
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patent canal, about 5 cm long, whose outer, fibrous coat may continue 
alone to the umbilicus The whole complex is known after birth as the 
middle umbilical ligament The general organization of the bladder, both 
as regards its stratified epithelial lining and muscular wall, is attained 
during the third month 

The Urethra — The caudal region of the cloaca that separates away 
from the rectum becomes the primitive urogenital sinus, its pelvic and 
phallic segments hate already been mentioned (Fig 249 O In the female 
the onginallj short neck between the bladder and the urogenital sinus elon- 
gates into the ps rmanent urethra (Fig 265) The pelvic and phallic portions 
of the sinus merge to create the shallow vestibule into which the urinary and 



Fig 249 — Completed di% ision of the human cloaca and associated chnnjjes shoi\-n by models 
\v<-v?ed from the left side ABM. viCeVii (X 50) and seven vsecks fX •^5) ic pectively 
illustrating the absorption of the left ureter and mesonephric duct mto the v.atl of the bladder 
C At nine iveeks (after Kcibel X 15) 

genital tracts open separately The female urethra does not extend into the 
chtons, which is a partial homologue of the penis of the male 

The male urethra is more complicated The counterpart of the entire 
female urethra is a short tube between the bladder and Muller’s tubercle 
(the permanent seminal colliculus, Fig 250 A) Below this level the pelvic 
portion of the urogenital sinus becomes the rest of the prostatic and all of 
the membranotts urethra, whereas the phallic portion adds the caicrnoits 
urethra extending through the penis (B) Since the mesonephric ducts are 
utilized by the male as the chief genital ducts, all of the permanent urethra 
distal to their outlets serves as a true urogenital canal 

Accessory Genital Glands —Several glands, associated with the genital 
sj stem, trace origin to cloacal denvatives 
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Even at the end of the sixth week (ii mm ), before the cloacal division 
IS wholly finished, certain regions can be recognized in the ventral half 
(Fig 248 D) The bladder is continuous with the allantois and receives 
the common stems of the mesonephric ducts and ureters at its caudal end 
These stems also mark the upper end of the urogenital sinus, which shows 
two emerging regions Proximally there is a pclitc portion, it connects the 
bladder with the phallic portion, which extends into the genital tubercle 
Presently these two parts become clearly defined in both sexes (Fig 249 C), 
their fates will be explained in a subsequent paragraph 

The Perineum — When the cloacal septum extends to the level of the 
cloacal membrane, rupture of the cntodermal ectodermal plate follows 
promptly (7 weeks) This exposes the caudal edge of the septum, which 
is, naturally, surfaced with the entoderm of the advanang fold (Fig 265) ” 
This projecting wedge, interposed between anus and phallus is the prim- 
itive perineal body (Fig 247 B) The external fissure resulting from the 
disappearance of the cloacal membrane, is closed again m its middle region 
by the merger of the penneal body with lateral folds flanking the fissure 
The area so produced, covered finally by ectoderm and marked by a median 
raphe, is the perineum (Fig 273 D, D) Hillocks, located behind the anus 
(Fig 247 B), encircle its onficc and create a definite anal canal (proctodeum) 
lined with ectoderm (Fig 273) “ 

The Bladder — At the time of its emergence as such, the bladder still 
receives on each side the common stem of the mesonephric duct and ureter 
(Fig 248 D) Growth processes quickly lead to the absorption of these 
stems, so that the four ducts acquire separate openings (Fig 249 A) A 
somewhat complicated shifting then displaces the mesonephric ducts farther 
caudad {B, C) The two ureters come to he well apart from each other, 
but the mesonephric ducts open close together at an elevation known as 
Midler's tubercle (Fig 250 A) The germ layer composition of the tnan- 
gular area (the trigone') on the dorsal wall of the bladder and its continu- 
ation along the dorsal wall of the urethra to Muller’s tubercle, marked off 
by these four ducts, is disputed Theoretically it would seem to be a 
mesodermal island amid entoderm, because of the process of absorption 
already desenbed However, the actual events are perhaps deceptive 

and it IS possible this area may be largely cntodermal after all 

The bladder proper is onginally tubular (Fig 249 C), but after the 
second month it expands to an epithelial sac whose apex tapers into an 
elongate urachus (Fig 271 B) The urachus in turn, is continuous at the 
umbilicus with the remnant of the allantoic stalk but it is believed that 
the latter contributes nothing to either urachus or bladder ^ After birth 
the urachus may maintain its connection with the umbilicus and its com- 
munication with the bladder ** It iifersists throughout life as a more or less 



THE CLOACA 


281 


patent canal, about s cm long, uhose outer, fibrous coat may continue 
alone to the umbilicus The whole complex is known after birth as the 
middk nmbtUcal ligament The general organization of the bladder, both 
as regards its stratified epithelial lining and muscular wall, is attained 
during the third month 

The Urethra — The caudal region of the cloaca that separates away 
from the rectum becomes the primitive urogenital sinus, its pelvic and 
phallic segments have already been mentioned (Fig 249 C) In the female 
the onginally short neck between the bladder and the urogenital sinus elon- 
gates into the permanent urethra (Fig 26;) The pelvic and phallic portions 
of the sinus merge to create the shallow ^cslibulc into which the unnary and 



Fig 249 — Completed division of the hunnn clonca and issociated changes, shoi\*n bj models 
Mewed from the left side A B At six tveehs (X 50) and seven weeks (X t5) respectiveh 
illustrating the absorption of the left ureter and mesonephric duct into thf wall of the bladder 
C At nine weeks (after Kcibel X ts) 

genital tracts open separately The female urethra does not extend into the 
clitoris, which is a partial homologue of the penis of the male 

The male urethra is more complicated The counterpart of the entire 
female urethra is a short tube between the bladder and Muller’s tubercle 
(the permanent seminal colliculus. Fig 250 A) Below this level the pelvic 
portion of the urogenital sinus becomes the rest of the prostaUc and all of 
the nttmbranous urethra, whereas the phallic portion adds the ca-acrnous 
urethra extending through the penis {B) Since the mesonephne ducts are 
utilized by the male as the chief genital ducts, all of the permanent urethra 
distal to their outlets serves as a true urogenital canal 

Accessory Genital Glands — Several glands, associated with the genital 
system, trace ongin to cloacal derivatives 
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Even at the end of the si\th week (ii mm ), before the cloacal division 
IS wholly finished, certain regions can be recognized in the ventral half 
(Fig 248 D) The bladder is continuous with the allantois and receives 
the common stems of the mesonephne ducts and ureters at its caudal end 
These stems also mark the upper end of the urogenital sinus, which shows 
two emerging regions Pro\imally there is a fcluc portion, it connects the 
bladder with the phalUc portion, which extends into the genital tubercle 
Presently these two parts become clearly defined m both sexes (Fig 249 Q, 
their fates will be explained in a subsequent paragraph 

The Perineum — When the cloacal septum extends to the level of the 
cloacal membrane, rupture of the cntodcrmal-cctodcrmal plate follows 
promptly (7 weeks) This exposes the caudal edge of the septum, which 
IS, naturally, surfaced wath the entoderm of the advancing fold (Fig 265) 
This projecting wedge, interposed between anus and phallus, is the pnm- 
itive penneal body (Fig 247 B) The external fissure resulting from the 
disappearance of the cloacal membrane, is closed again in its middle region 
by the merger of the penneal body wath lateral folds flanking the fissure 
The area so produced, covered finally by ectoderm and marked by a median 
raph6, is the ptrviciim (Fig 273 B, D) Hillocks, located behind the anus 
(Fig 247 5 ), enarcle Its onficc and create a definite anal canal (proctodeum) 
lined with ectoderm (Fig 273) 

The Bladder — At the time of its emergence as such, the bladder still 
receives on each side the common stem of the mesonephne duct and ureter 
(Fig 248 D) Growth processes quickly lead to the absorption of these 
stems, so that the four ducts acquire separate openings (Fig 249 4 ) A 
somewhat complicated shifting then displaces the mesonephne ducts farther 
caudad {B, C) The two ureters come to lie well apart from each other, 
but the mesonephne ducts open close together at an elevation known as 
Muller's tubercle (Fig 250 A) The germ-layer composition of the tnan- 
gular area (the trigone) on the dorsal wall of the bladder and its continu- 
ation along the dorsal wall of the urethra to Muller s tubercle, marked off 
by these four ducts, is disputed Theoretically it would seem to be a 
mesodermal island amid entoderm, because of the process of absorption 
already desenbed However, the actual events are perhaps deceptive 

and It IS possible this area may be lai^ly entodermal after all 

The bladder proper is onginally tubular (Fig 249 C), but after the 
second month it expands to an epithelial sac whose apex tapers into an 
elongate urachus (Fig 271 5 ) The urachus, in turn, is continuous at the 
umbilicus with the remnant of the allantoic stalk, but it is believed that 
the latter contnbutes nothing to either uradius or bladder After birth 
the urachus may maintain its connection with the umbilicus and its com- 
munication with the bladder It persists throughout life as a more or less 
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Anomalies — Imperforate anus results from a retention of the anal portion of the 
cloacal membrane (Fig 191 A) A conspicuous malformation is a persistent cloaca, as in 
most vertebrates (Fig 251 A, B) it is due to the failure of the rectum and urogenital sinus 
to separate normally Onl> rarel> is the bladder duplicated or divided into two chambers 
It sometimes opens widely onto the ventral bodv wall and everts through the fissure (Fig 
251 C) failure of mesoderm to invade this region and reduce the expansive cranial extent 
of the early cloacal membrane would predispose to this condition {cf Fig 240) Due to 
the primary relation of the mesonephric ducts to the ureter, and their normal absorption 
into the differentiating cloaca, variations in the ureteric openings occur, they mav ter- 
minate m the seminal vesicles, urethra, rectum, uterus or vagina At times the urachus 
remains patent even to the umbilicus and establishes a fistula there through which unne 
escapes Less complete remnants of the urachus arc blind sinuses, leading from the bladder, 
or isolated epithelial evsts \nomilies of the urethra and accessory genital glands are not 
common 



Fio 251 — Anomalies resulting from faulty cloacal differentiation m man A, Persistent 
cloaca m the female shown in sagittal section B Similar condition m the male C, Exstrophy 
of the bladder (ectopia vesicae) m a newborn combined with epispadias of the penis and unde 
scended testes 


THE GENITAL ORGANS 
Indifferent Stage 

Dunng the fifth and sixth weeks (5-12 mm ) the genital system makes 
Its appearance This has been named the ‘indifferent penod’ because the sex 
of the embryo cannot be determined then, either b> gross or microscopic 
inspection of the internal and external genitaln. In addition to a pair of 
generalized sex glands, all vertebrate embry os are equipped at an early stage 
With a double set of sex ducts (male and female) Both are held in readiness 
for the time when sexuality is declared but only one set will advance 
significantly beyond its pnmitive state, the complementary set suffers 
regression 

Of course, the chromosomal, sex-determimng mechanism is present from 
the moment of fertilization, but diagnosis of sex on this basis cannot be 
accomplished reliably as a routine procedure Not until the seventh week, 
at t e earliest, does sex recognition become practicable by simple inspection 
e Gonads As long as the prospective testis and ovary are struc- 
ura y in istinguishable they are given the noncommittal name, go}iad 

13 
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The Prostate Claud — This organ develops as multiple outgrowths of the 
urethral epithelium, both above and below the entrance of the male ducts 
(Fig 250 B) It IS said that all of the prostate is entodcrmal in ongin no 
buds coming ofT the absorbed, possibly mesodermal, floor of the upper 
urethra The tubules anse at eleven weeks m five distinct groups and 
total an average number of 63 1 he surrounding mcscnch> me difTcrcntiates 

both connective tissue and smooth muscle fibers, into which the prostatic 
buds grow The prostate of the newborn shows cMdcncc of activation 
(secretion) that is not resumed again until puberty In the female the 
homologue is nidimentary, these isolated para-urethral ducts (of Skene) are 
but few m number 



Fio 350 — Diflerentiation of the humin urogenital sinus illustrated by models. > 1 , Female 
fetus of nine weeks, in left front Mew (after Keibel, X i3o), B, male fetus of four months in 
left rear view (after Broman X 13) 


The BulbO'Urcthral Glands — These glands (of Cowper) anse in male 
embryos of nine weeks as a pair of solid buds that grow out from the ento« 
dermal epithelium of the cavernous urethra (Fig 250 B) The outgrowths 
penetrate the investing mesenchyme of the pnmitive corpus cavemosum 
urethras At four months the epithelium becomes glandular The icsttb- 
ular glands (of Bartholin) are the female homologues They appear at the 
same age as the male glands, grow through puberty and involute after the 
menopause 

The Seminal Vesicles — Although of somewhat different origin, these 
saccular glands belong functionally m the present group They are exclu- 
sively male organs which outpouch from the mesontphne (now deferent) 
ducts in fetuses of thirteen weeks and gain a muscular w all from the adjacent 
mesenchyme (Fig 250 B) 
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■ward they he m the cloacal entoderm, and in 4 mm embryos they are 
migrating cephalad, by way of the entodermal gut and dorsal mesentery, 
into the epithelium of the genital ndge (Fig 252 B) Such cells are called 
pnmordial genu cells (Fig 253 B), in embryos iwth 27 somites nearly 600 
have been counted Some claim that all definitive germ cells of the genital 
glands are descended from them This contention has been challenged, as 
already discussed (p 21), and it is uncertain whether these cells are the ones 
actually used or whether some or all of the definitive sev cells onginate 
locally from the germinal epithelium ^ 

The Primitive Genital Ducts — The male does not elaborate any ducts: 
intended pnmanly for its own sexual purposes Instead ^\lth the degen- 
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Fic 253 — Indifferent stage of the human gonad, illustrated by transverse sections A, 
At 12 mm including associated regions (after Prentiss, X 82) B, At 12 mm , showing structural 
details (X 550) 


eration of the mesonephros, it merely appropriates the mesonephnc ducts 
and some of the mesonephnc tubules and converts them into genital canals 
The ongm and earl> history of these parts have been adequately descnbed 
in previous paragraphs (pp 267 to 270) 

Both sexes also develop somewhat more tardily a pair of female ducts 
(of Muller) In the sharks they anse from the direct longitudinal splitting 
of the mesonephnc ducts, but in higher vertebrates their ongm is other- 
wise Human embryos of 10 mm first indicate the future Mnllenan ducts 
by a groove m the thickened epithelium of each urogenital ndge (Fig 
254 A) , this furrow is located laterally on the mesonephros, near its cephalic 
pole The extreme cranial end of the groove remains open like a flanng 
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The pnmitivc sc\ ghnd makes its appearance nithin a thickening that has 
already been desenbed as the urogenital nJgc (p 2C9), this is appropnitcly 
named since it contains both the nephne and genital pnmordia (Fig 253) 
On the vcntromcdian surface of the urogenital ndge the pcntoncal 
epithelium thickens (6 mm embryos), rapidly becomes manj-la>crcd, and 
soon bulges into the coelom to produce the genital ridge (Fig 352) This 
thickened strip extends longitudinally and thus parallels the mesonephne 
ndge, but lies mesial to it At si\ nocks the resulting, 'sexless’ gonad con- 



FlG 252 — Urogenital ndge of the human embryo A, Dissection at 9 mm, m sentral view 
(KoUman X ii) 5, C Transverse sections at 7 mm (X 35) and 10 mra (X 75) 

sists of a superficial germinal cpithehnm and an internal epithelial mass, 
someivhat loosely arranged, derived by proliferatue ingroivth from the 
former (Fig 253) Longitudinal furrows separate the indifferent sex gland 
from the mesonephros laterally and from the gut mesentery medially 
During the next two weeks the gonad begins to assume the charactenstics 
of testis or ovary 

Even m presomite embryos certain large, distinctive cells can be recog' 
nized caudal to the embryonic disc m the yolk-sac entoderm Soon after- 
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ward they he in the cloacal entodenn, and in 4 mm embryos they are 
migrating cephalad, by i\ay of the entodermal gut and dorsal mesentery, 
into the epithelium of the genital ndge (Fig 253 B) ■» Such cells are called 
fnmordial germ cells iFig 253 B). in embiyos uith 27 somites nearly 600 
have been counted Some claim that all definitive germ cells of the genital 
glands are descended from them This contention has been challenged, as 

already discussed (p 21), and it is uncertain whether these cells are the ones 

actually used or whether some or all of the definitive se\ cells onginate 
locally from the germinal epithelium ™ 

The Primitive Genital Ducts — The male does not elaborate any ducts 
intended pnmanly for its own setual purposes Instead with the degem 

Gfrm 


A B 

Fig 253 IndilTerent stage of the human gonad illustrated b> trans%erse sections A, 
At 12 mm including associated regions (after Prentiss, X 82) 5 , At I2 mm shomne structural 
details (X 550} * 
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eration of the mesonephros, it merely appropriates the mesonephne ducts 
and some of the mesonephne tubules and converts them into genital canals 
The ongm and early history of these parts have been adequately desenbed 
in previous paragraphs (pp 267 to 270) 

f f f somewhat more tardily a pair of female ducts 
(of Muller) In the sharks they anse from the direct longitudinal splitting 
of the mesonephne ducts, but m higher vertebrates their ongm is other- 
wise Human embryos of lo mm first indic,ite the future Mullenan ducts 
I 4fTw'V” Ihickened epithelium of each urogenital ndge (Fig 
not Th^ laterally on the mesonephros, near its Lphalfc 

pole The extreme cramal end of the groove remains open hke a flanng 
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trumpet, ^\hilc more caudally the hps of the groove dose into a tube (B, Q 
Starting thus as art cpithdial mrolhng, the MuIIcnan duct continues to 
advance in a caudal direction by the progressive growth of its solid, blind 
end The female duct courses just beneath the surface epithelium and 
lateral to the mesonephric (male) duct, with which Us tip is intimately 
related It is generally held that the mesonephric duct docs not con- 
tribute to the growth of the Mullenan duct, even though such growth is 
hnown to fail wherever the mosonephne duct is lacking 

Near the cloaca the two urogenital ndges have previously swung mesad 
to the midplane and fused into the so called guuial cord (fig 255 A) In 
this maneuver, the Mullenan ducts, originally lateral m position, neces- 
sarily are brought sidc-by-side in the midplane, whereas the mesonephne 




'C 


Tta 2S4 — Origin ai the hunuct Muhcnati duet. iKustrated by transverse sections of the 
uroyemtiJ njge at 12 mm X 165 A Through open groove Slightly loner level showing 
closure C, Stilllowcr level showing free tube 


ducts assume a more lateral position {B-D) Hence the progressi\ clj elon- 
gating Mullenan ducts, coursing through the genital cord teach the dorsal 
wall of the urogenital sinus just mesial to the mesonephne ducts (^4) In 
embryos of nine weeks the tivo Mullenan ducts have fused and end blindly 
at M^'tUcr’s tubercle, a median projection demarcated by the earlier entrance 
of the mesonephne ducts into the dorsal wall of the cloaca (Fig 250 A) 
This fused, common tube is the firet indication of a uterus and vagina, 
whereas the more cranial portions of the ducts remain separate and will 
serve as the utenne tubes 

After the sex of the embryo is well established the provisional ducts of 
the opposite sex regress and largely disappear (Fig 262) 

The External Gemtaha — ^Embrjos at the start of the sixth week 
(8 mm ) show a conical ga^ttal tubercle in the midhne of the ventral bodj. 
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between the umbilical cord and tail (Fig 252 A) Its caudal slope bears 
the shallow t<rcihral groove which is flanked b> slightly delated nnthral 
jolds Dunng the seventh week the genital tubercle elongates into a some- 
what cylmdneal phallus whose tip is rounded into the glam (Fig 247 B) 
Lateral to the base of the phallus, a rounded ridge then makes its appear- 
ance on each side, they are the labw-scrotal swellings Rupture of the 
urethral membrane m the floor of the urethral groove provides an external 
opening for the urogenital sinus dunng the eighth week From this gener- 
alized set of pnmordia, the external genital organs of the male or female 
will be modeled in an appropnate and distinctive manner dunng the ensuing 
^eeks 



Fig 25s —Course of the human urogenital ducts and formation of the genital cord A Modtl, 
at tuo months (X 23) B~D, Transverse sections, at three levels of the urogenital ridge 


Internal Sexual Transformations 

Differentiation of the Testis — As the male genital glands increase in 
size, they shorten relativel> into more compact organs located farther 
caudad (c/ Fig 267 A) At the same time the onginally broad attachment 
to the mesonephros is converted into a gonadial mesentery known as the 
mesorchtnm (Figs 256 A and 257 A) In embryos about 14 mm long, 
destined to be males, the gonads begin to show two charactenstics that 
mark them as testes (Fig 256) (i) the appearance of branched and anas- 
tomosing strands of cells the testis cords, and (2) the occurrence, between 
the co\ enng (germinal) epithelium and the centrally located testis cords, of 
a la>er of tissue that will become the tunica albuginea, or fibrous capsule of 
the gland 

The testis cords of most vertebrates anse as direct extensions from the 
germinal epithelium, but m man this relation is not plain,'® instead, they 
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trumpet, while more caiidally the hps of the groove dose into a tube {B, O 
Starting thus as an cpithchal inrolhtig, the Mfillenan duct continues to 
advance in a caudal direction by the progressive growth of its solid, blind 
end The female duct courses just beneath the surface epithelium and 
lateral to the mesonephne (male) duct, with which its tip is intimately 
related It is generally held that the mesonephne duct docs not con- 
tnbute to the growth of the hlullenan duct, even though such grow'th is 
known to fail ishcrcvcr the mesonephne duct is lacking 

Near the cloaca the two urogenital ndges have previously swung me'^ad 
to the midplanc and fused into the so called gcnitaf cord (Fig 255 A) In 
this maneuver, the hlullcnan ducts, originally lateral in position, neccs 
sanly arc brought sidc'by*sidc in the midplanc, whereas the mesonephne 



Fig 254 — Ongin o! th^ human MuUcnan duct illustrated by trans\erse sections of the 
urogenital ndge at 12 mm X 165 A Through open groove. B, Slightly loner level, showing 
closure C, Still lower level, showing free tube 


ducts assume a more lateral position (B~D) Hence the progressively elon- 
gating Mullenan ducts, coursing through the genital cord, reach the dorsal 
wall of the urogenital sinus just mesial to the mesonephne ducts (^4) In 
embryos of nine weeks the two Mullenan ducts have fused and end blindly 
at Muller s Utbcrch a median projection demarcated by the earlier entrance 
of the mesonephne ducts into the dorsal wall of the cloaca (Fig 250 /I) 
This fused, common tube is the first indication of a uterus and vagina 
whereas the more cranial portions of the ducts remain separate and wiU 
serve as the utenne tubes 

After the sex of the embryo is well established, the provisional ducts of 
the opposite sex regress and largely disappear (Fig 262) 

The External Genitalia — Embryos at the start of the sixth week 
(8 mm ) show a conical genital tubercle in the midlme of the ventral body, 
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newborn shows definite evidence of a deleterious influence everted by the 
maternal hormones during pregnancy 

The general bed of mesenchymal tissue, m which the tubules of the 
testis lie, organizes into the connective-tissue framew ork of the organ Thus 
each lobule of the testis, containing the three or four seminiferous tubules 


A B 

Fig 257 — Later differentiation of the human testis illustntcd b> transv erse sections at fourteen 
tseeks /!, General plan and relations {Prcniis> X - 14 ) B, Structural details (X 150) 



Pic 258 — Plan of organization of the test^ and its ducts m a newborn X 4 

demed from a pnmitivt testis cord becomes isolated bj partitions (Fig 
258) In one direction these i.eptula converge to the mediastinum testis 
(where the rete tubules he), in the opposite (peripheral) direction they 
extend to the encapsulating tunica albugima Certain cells of the mesen- 
c j, mal stroma transform into large, pale elements v. hich he in the unspecial- 
izQd connective-tissue bettveen the seminiferous tubules and hence are desig- 




288 


THr UROCrVITVL sysTPM 


seem to organize suddenly out of the diffuse epithelial mass already present 
at the stage of the indifTcrent gonad (Figs 253 and 2*56) The radially 
arranged testis cords converge toward the mesorchuim where another por- 
tion of the epithelial mass is emerging as the dense pnmorduim of the rcte 
tesits Soon the cell clusters of the rcte pnmordmm become a network of 
strands which unite with the testis cords (Fig 257 A) Each of the htter 
splits into three to four daughter cords— -the forerunners of the snittnt/crous 
tubules Their pcnphcral portions join in looping arches {B), while the 
main e\tcnts of the tubules soon elongate into twnsted liibiib couiorU 
Nearer the rcte testis, however, they remain straight, as the tiibuh recti 
(Fig 258) The rcte testis unites the tubuli recti with the rest of the duct 
system in a manner to be described presently (p 294) Actually the testis 
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Tig 256 — Early diflcrentialion of the human testis illustnlcd bj trans%erse sections at 
nearlv eight ^eeks A General organization and relations of the urogenital ndge (after Prentiss 
X 70) B, Structural details of the testu, (X 3011) 


cords do not canalize into tubules until the tune of puberty (Fig ij A, 
Their central cavities then unite with the cavities of the rete cords which 
were completed before birth Thus the originally solid cords of both kinds 
end their development as a contmuous system of tubules, lined with 
epithelium 

The early testis cords are composed chiefly of so called indifferent cells, 
among which recognizable pnmordtal germ cells are now lacking (Fig 256) 
Some of the Utter perhaps become early spennatogonta, but it is possible 
that the later generations of sex cells differentiate from certain of the small, 
‘indiflerent’ elements (p 21, Fig 257) Other indifferent cells of the cords 
transform into the sustentacular cells (of Sertoli) The full course of devel- 
opment of spermatogonia into spermatozoa, which first begins at puberty 
has been described m an earlier chapter (pp 32 to 35) The testis of a 
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of the rete penpherad (A) (2) The ovary enlarges rapidly, due to the 

deposition of a new, definitive cortex upon the onginal internal cell mass 
(B, C) This secondary cortex arises partly by the division of cells of the 
internal cell mass, already present, and perhaps also through a renewal of 
proliferation by the germinal epithehum In the human ovary this new 
stratum is said to be a homogeneous mass, distinct, cellular cords ( Pfluger s 
tubes’) do not grow in from the germinal epithehum, as in other mammals “ 
(■3) Ingrowth of connective tissue (accompanied by blood vessels) from the 
region of the rete ovani produces supporting structures similar to the 
mediasUnum and se phda of the testis At the periphery of the ovary the 


A 

Fig 260 — Later differentiation of the human ovaiy, shown in vertical sections X 183 
A Cortex at six months (after DeLee) B, Junction of cortex and medulla, at eight months 
(after Felix) 

septula expand during the sixth month into a loose, connective-tissue layer 
knotvn as the tumca albuginea (Fig 260 A), its appearance marks the end 
of the penod of deposition of the new cortex 

Coincidental with the addition of new cells (secondary cortex) at the 
penphery of the ovary goes the decline of the earlier ova which u- ere growing 
in the primary medulla and cortex (Fig 259 B) Such clusters of germ 
cells, separated by invading connective tissue, regress and are replaced by 
a vascular, fibrous stroma, thus arises the permanent medulla (Fig 260 B) 
In the secondary cortex single eggs and egg clusters are similarly isolated 
by connective tissue, but they do not succumb (Fig 259 C) Instead, indif- 
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natcd vUcrsUtial cells (Fig 357 B) They arc vet^” abundant in the fourth 
month and again increase in number after puberty -* They arc generally 
believed to be responsible for the endocrine secretion of the testis Follow- 
ing the earl> emergence of a tunica albuginea, the germinal epithelium 
reverts to an inert, pentoncal mesothehum ^vhlch docs not accompany the 
testis on its scrotal journey 

Differentiation of the Ovary — Like the testis, the ovary gams a mesen- 
tery (itieso^artum) <and settles to a more caudaf position (Fig 268) Yet this 
gland docs not c\hibit any distinctive ovanan features until sc\cral weeks 
aftcr-thc testis has declared itself in the male However, gonads that do 
not differentiate epithelial cords during the seventh week can be diagnosed 
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Pio 259 — Early differentiation of the human ovary, illustrated by trans\crse sections 
A General organization and rehtions at three months (after Prentiss X 44) B, Structural 
details, at fourteen ueeks (X 90) C, Secondary cortex at four months (X 370) 


negatively as ovanes In the eighth week the internal epithelial mass of 
the indifferent penod begins to show clusters composed of small, indifferent 
cells and one or more pnmordial germ cells Soon there may be distin- 
guished a denser primary cortex beneath the germinal epithelium and a 
looser primary mcdttlla internally In addition, a compact cellular mass 
bulges from the medulla into the mesovanum and establishes there the 
primitive rcie oearii, or homologue of the rete testis (Fig 259 A) Neither 
epithelial cords nor tunica albuginea are developed at this stage, as in the 
testis 

In fetuses three to four months old three important changes are taking 
place (Fig 259) (i) Most of the cells compnsing the onginal mtemal cell 
mass transform mto young ova, the conversion spreading from, the region 
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somehow competent to respond Wh-it is lacking is the capacity to organize as a whole, 
morphogenesis is faulty, while axiation and metamerism are lacking Some eapenmcntal 
inductions performed on embr> os offer interesting pamllels 


Transformation of the Mesonephric Tubules and Ducts —The meso- 
nephric system of amphibia performs a double function Some of the more 
cranial tubules unite with the testis, while the caudal ones continue to 
excrete unne Hence the mesonephne duct of the male amphibian conveys 
both unne and spermatozoa to the cloaca In higher vertebrates the same 
potential arrangement is laid down, but the decline of the mesonephros as a 
unnary organ and the emergence of the permanent kidney to assume this 
function ha\e resulted in individual ducts for the se\ual and unnary prod- 
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Tig 262 — Diagrams illustrating the diverse fates of the mesonephric tubules and the meso 
nephne ind Mullenan ducts m the two sexes (after Heisler) A Male 5 , female 


ucts of the male In the female the two kinds of ducts are separate from the 

start 

The growth of the gonad soon surpasses that of the mesonephros, 
which thereafter appears as an adjunct alongside (Fig 259 /I) Neverthe- 
less, both in male and female embryos of nine weeks there still remain some 
thirty mesonephne tubules, of these, half are intact and the rest more or 
less fragmented Dunng the tenth week the total number is reduced 
somewhat, while none then retains a continuous lumen All the tubules 
that escape complete degeneration can be divided into a cranial and a caudal 
group on the basis of their subsequent history (Fig 262) The cranial group 
soon consists of but 8 to 15 tubules, these project against the adjacent 
pnmordium of the rete testis or rete ovani, as the case may be Union of 
the rete cords and mesonephne tubules begins in fetuses of three or more 



292 


THE UnOCENITAL SYSTEM 


fcrcnt epithelial cells surround the young cortical ova in the later fetal 
months and thereby produce the primary Jolltclcs (Fig 260) Although 
some of these advance further dunng fetal life and after birth, the develop- 
ment of i,csicular (Graafian) Jolltclcs is mostly charactcnstic of the active 
sexual years (Fig ii) The history of ova and follicles Ins been desenbed 
in Chapter II, there also will be found a discussion as to whether the npe 
ova, shed in the adult, represent grown primordial eggs or whether they are 
new cells proliferated month by month, as needed, from the cuboidal 
epithelium surfacing the ovary 

Bipotentiallty of the Gonad — The gonads of birds ftndnnmnuls show n definite tendenej 
toward bisexual organization flic first set of sex cords, which constitutes the pnmitne 
medulla of the o\ary, is the equivalent of the definitive seminiferous tubules of the male 
on the other hand, the functional cortex of the ovarj is a distinctive, female charactcnstic 
In a similar manner, the testes of some birds and mom 
mals (including man)-* exhibit for a short time the 
structural equivalent of an ovanan cortex in addition to 
the mcdullarj , or male component This double poten 
tialit) IS the basis of sex reversal That is, further 
stimulation of the germinal epithelium of a prospective 
male gonad adds an ‘ovanan* cortex while inhibition of 
the cortical addition to a prospective female gonad leads 
to testis formation At the same time, the appropnate 
sex ducts undergo progressive development and those 
of the opposite sex are suppressed These shifts m sex 
direction occur sometimes m nature and arc produable 
under favorable conditions by cxpenmental hormone 
administration ** 

Fig 261 —Teratoma of the According to the ‘genie balance theory’ of sex deter 
human ovary, containing much mination each individual possesses both male and female 
hair besides three teeth and a tiny sex producers in its chromosome assortment, sex then 
tongue with papillae X| turns on which outweighs the other” In the eariv 

stages of male and female differentiation the genes are 
the effective agents that give direction to sex, and it is their quantitative unbalance that 
determines whether the male or female component of the bisexual gonad wall dominate 
From the physiological standpoint, what the genes actual!} control is the mtensitj of hor 
mone (cortical or medullary) secretion hence these endocrine substances are the active 
mediators of later sex differentiations in the reproductive tract and extemalh 

Anomalies — Congenital absence or duplication of the testes and ovanes is very rare 
Fused testes and lobed ovaries are recorded A combmed ovotestis is sometimes found 
as an accompaniment of hermaphroditism (p 305) 

Teratoma — These peculiar tumor like growths occur rather frequently in certain 
regions of the body, including the ovary, but less often m the testis The simpler t>’pes 
called dermoid cysts, contain such ectodermal derivatives as skin, hair, nails, teeth and 
sebaceous glands (Fig 261) They grade into complexes consisting of misshapen, organ 
like masses from all three germ la>ers, intouungled without order Representatives of al 
most any tissue or organ may be present The explanation of these chaotic assemblies seems 
to he m an inductiv e influence which acts at an abnormal time and place on tissues that are 
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supials retain separate Mullenan ducts which open into the permanent 
cloaca In placental mammals, on the other hand, there is fusion to varying 
degrees at the caudal ends (c/ Fig 266) , in primates, complete caudal union 
of these ducts produces a common uterus and provisional vagina 

A previous page has described how the female ducts develop in the 
urogenital ndges, enter the genital cord, fuse there, and end at Muller’s 
tubercle (Fig 250 A) When the urogenital ndges are crowded laterad 
by the enlarging suprarenal glands and permanent kidneys, the Mullenan 
ducts naturally participate in this displacement (Fig 263 A) As a result, 
each duct in its course makes two bends which roughly establish three 
regions, different in future potentialities (i) a cranial, longitudinal portion 



Tic 263 — Genital -jEtem of the human female, in \entral vtei^ A At ten weeks fl 5 X ^ J 5 , at 
birth (X i) 


(utenne tube) , (2) a middle, transverse portion (utenne fundus and corpus) , 
and (3) a caudal, longitudinal portion (utenne cerviK) which fuses with its 
fellow and perhaps becomes the upper \agma as well 

The young utenne tubes fail to match the elongation of the trunk as a 
whole and their flanng ostial ends finally lie opposite the fourth lumbar 
vertebra, thirteen segments below their level of origin (Pig 263) In the 
region of the transverse limbs of the Mullenan ducts the cranial walls of 
these tubes bulge in a cephalic direction, so that the onginal angle of their 
junction becomes convex (Fig 264) In this manner a considerable extent 
IS added to the uterus, it comprises the definitive fundus and corpus The 
shorter utenne cervix anses from the cranial portion of the onginal fusion 
of the Mullenan ducts The v*agtiui was formerly believed to represent the 
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months The point of union has been dcscnbcd by some as occumng at 
Bowman’s capsule and by others at the junction of secretory and collecting 
tubules, as a matter of fact, examples of both methods of union can be 
found * The caudal group does not make such unions 

Male — The fate of the mesonephne system can be followed m Figs 258 
and 262 A The lumma of the rctc tubules and cranial mesonephne tubules 
become continuous by the end of the sixth month, whereupon the meso- 
nephne tubules arc given a new name — the efferent diiclulcs of the epidid 
ymis Each coiled ductule makes a conical mass known as a lobule of the 
epididymis A few mesonephne tubules of the cranial group compnse the 
cystic appendix of the i.pjdtdymts The entire caudal group of mesonephne 
tubules is vestigial, yet it persists as the blindly ending tubules called the 
paradidymis and aberrant ductules 

The efferent ductules are destined to convey spermatozoa from the rote 
testis into the mesonephne duct The latter, accordingly, undergoes certain 
regional specializations which transform it into the chief genital duct In 
completing these changes the upper end of the mesonephne duct becomes 
highly convoluted and is named the duct of the epididymis, the caudal por- 
tion remains straight and, as the ductus deferens and terminal ejaculatory 
duct, extends from epididymis to urethra Near its opening into the latter 
canal the male duct dilates to form the ampulla, from the wall of which is 
evaginated the saccular seminal ecstclc in fetuses of 13 weeks (Fig 250 B) 

Female — Homologous fates m the female are illustrated in Fig 262 B 
The rete ovaru is vestigial, though retained in the adult ” Some time before 
birth it canalizes and often unites with the persisting cranial group of 
mesonephne collecting tubules, thus duplicating the functional connections 
in the male Nevertheless, the cranial group of tubules alwajs remains a 
functionless rudiment Most of its components are blind canals attached 
to a short, persistent segment of the mesonephne duct The whole com- 
plex IS the epoophoron Certain other tubules of the cranial group locate 
in the fnnges of the utenne tube or m the broad ligament nearby, they are 
the vesicular appendices The caudal group of mesonephne tubules con- 
stitutes the smaller paroophoron, it usually disappears before adult life is 
attained 

The greater part of each mesonephne duct atrophies in the female, the 
process beginning early in the third month, those portions that persist are 
the ducts of the epoophoron Such canals, also known as Gartner’s ducts, 
may occur as vestigial structures at any level between the epoophoron and 
hymen (Fig 262 B) They are to be found, vanably represented, m about 
one-fourth of all adult females, usually in or on the wall of the uterus or 
vagina 

Transformation of the Mullerian Ducts — All vertebrates below mar- 
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month and only the extreme cranial end is spared, this vestige is called the 
appendix teslis The vaginal pnmordium persists as a tiny pouch on the 
dorsal wall of the urethra to which has been given the name prostatic utricle, 
or .agtna mascuhna Like the vagina of the female, its original Mullenan 
epithelium is replaced by invading epithelium from the urogenital sinus 
The Mullenan tubercle is represented by the elevated seminal colliculns, 
from vhose summit leads oft the prostatic utncle 



Tig 565 — Sapttal sections of femnle fetuses, demonstrating the relative shortening of the 
urogenital sinus to a shallow vestibule A At ten ^ceVs (X 4 ^ B, at fnemonths (X 1) 



Fig 266 — Anomalies of the human uterus A, Duplex uterus and \agina B duplex uterus, 
C, bipartite uterus D bicomuatc uterus 


The transformation of the Mullenan ducts is summanzed in Fig 276 

Anomalies ^ — The more common anomalous conditions include (Fig 266) (i) Com 

plete duplication of the uterus and vagina (as m monotremes and lower marsupials), due 
to the total failure of the Mullenan ducts to fuse (v 4 ) (2) Duplication of the uterus but 

not the vagina (as m most rodents), caused b> an arrest of utenne fusion (B) (3) Bipartite 

uterus (as in carnivores and ruminants), resulting from utenne pnmordia which merge at 
their lower ends onl> and are more or less separated bj a median partityan (C) (4) Bveor- 

nuate uterus (as m the sheep), due to the imperfect absorption of the fundic segments 
which leaves paired pouches at the upper utenne ends {D) (5) Retention of the fetal or 

infantile condition (6) Congenital absence of one or both utenne tubes, of one utenne 
horn, or of the uterus or vagina occum rarel> bat maj be associated with hermaphroditism 
of the external genitalia (7) The vagma sometimes remains solid, and the hymen may 
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remainder of this fusion, but it is now known that the cntodcrmal cpithc- 
Uum of the urogenital sinus invades this level of the genital cord and replaces 
the Mullenan epithelium wholly*** **»*■* or m part ” The hymen anses at the 
site of Muller’s tubercle (Fig 265 > 1 ) as a dorsal, semilunar fold between 
the future vagina and the urogenital sinus Both of its surfaces come to 
be covered with sinus epithelium ” When the vagina acquires a lumen, 
the hymen serves as a perforate membrane guarding the entrance to the 
vagina (Fig 263 B) 

Ihc uterine tube and uterus arc lined with a simple epithelium Only 
the uterus develops glands, these invagmatc by the seventh month yet 
remain small until pubert> A distinction between uterus and vagina is 
not evident until the middle of the fourth month when the fomices appear 
(Fig 265 B) For a time the vaginal epithelium is a solid column, when 
the lumen reappears as a central cleft in fetuses of about fiv c months, the 
epithelium continues to be stratified The muscular wall of the entire 



Pig 264 — Diasrams illustrating the later hislor> of Hie transv ersc hmbs of the Mullerun ducts 
and their fused portions mthm the genital cord 

genital tract is foreshadowed m the third month b> mesenchyme condensing 
about the epithelial lining This investment is especially thick in the genital 
cord where the uterus develops (Fig 264) The uterus grows rapidly in 
the last fetal months, loses one-third of its length shortly after birth, and 
does not recoup this loss until just before puberty ** This strong prenatal 
and pubertal grow th is directed by the female hormone, estrogen supplied 
first by the mother and later by the matunng girl 

The vagina is originally some distance above the outlet of the uro- 
genital smus (Fig 265 A ) , the intervening stretch of sinus thereafter under- 
goes a great relative shortening to become the shallow vaginal vestibule into 
which both urethra and vagina open independently {B) From the stand- 
point of specialization of the primitive cloaca this arrangement is an ad- 
vance over the condition found in the male since a common urogenital smus 
has been practically eliminated 

In the male these same pnmordia also develop but remain rudimentary 
(Fig 276 C) Degeneration of the Mullenan ducts occurs in the third 
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as the sheet-like broad hgamcnls on each side of the uterus After the ovary 
and utenne tube 'descend' (cj p 300) to a loner position, the mesovanum 
and mesosalpinx are intimately associated uvith the broad ligament (Fig 
263 B) 

Dunng the seventh neek another and more complicated ligament of 
the uterus is begun At the level nherc each urogenital ndge bends hon- 
zontally toward the midplane in forming the genital cord, an outgrowth 
{tngmnal Jold) bndges across to a prominence (mginiial crest) on the adjoin- 
ing abdominal wall (Fig 267 A) ” Within these parts is differentiated the 
chorda gitbernacnh, w hich later becomes a fibro-muscular band The abdom- 



Pig 268 — Urogenital organs of a female fetus at ten weeks (PrentissJ The ventral dissection 
displa> s espcciall> the genital ligaments 


mal muscles develop around its caudal end m the form of a tubular mgmnal 
canal At the outer end of this canal the chorda connects uith a second 
band that extends to the labial swelling of the external genitalia, and hence 
IS designated the hganicnfiun labiale By the beginning of the third month 
the chorda gubemaculi and the ligamentum labiale thus extend as a con- 
tinuous, mesenchymal unit from, the uterus to the labium majus, henceforth 
the combined cord is known as the round hgamcnt of the uterus (Fig 268) 
The pnmitixe mesentery of the testis is the mesorchmm (Figs 
256 A and 257 A) It is represented in the adult merely by the fold be- 
tween the epidid>mis and testis The hgamentnm testis, like the proper 
ligament of the ovary, develops in a caudal continuation of the genital 
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Fig 267 — Urogenital organs o{ the female fetus nnd espeaallj the early gcnitalhgimenU 
A Ventral dissection at two months (Prentiss) B Trans\ tree section through the lov cr trunk, 
at three months 

the mesonephros (Fig 259 A) The remains of the primitive genital ndge 
at more cephalic levels persist as the suspensory Ugament (Figs 267 and 
268) Similarly the terminal portion of the genital ndge unites the caudal 
end of the o\ary first to the transverse bend of the urogenital ndge and 
then to the uterus which develops in it This connection becomes fibro- 
muscular and is knoun as the proper hgament of the ovary (Fig 26S) 

With the degeneration of the mesonephne s>stem, the utenne tube hes» 
in a mesentenal fold the mesosalpinx (Figs 259 A and 268) Someuhat 
earlier the mutual fusion of the caudal portions of the two urogenital ndges 
hat. produced the genital cord (Fig iSS B-D) This is a mesenchymal 
shelf that bridges in the frontal plane between the two lateral body walls 
and contains the uterus m its center (Fig 2^7 B) The shelf itself persists 
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through the inguinal canal into the scrotum During the seventh month 
the gubemaculum not only ceases growth but actually shortens one-half^® 
This shortening, both relative and actual, is commonly said to draw the 
testes into the scrotum where the> are usuall> found by the eighth lunar 
month, or at least before birth Others deny that the gubemaculum exerts 
any kind of traction, on the contraiy, it is said to convert into mucoid 
tissue, to dilate the inguinal canal and to lose its sustaining power 
As a result, the testis both sinks downward by a process of normal hernia- 
tion and cames the processus vaginalis with it It must be understood 
that the testis and gubemaculum ire covered by peritoneum before the 
descent begins, consequently, the testis follows the gubemaculum along the 
inguinal canal dorsal to the pentoneum On reaching the scrotum, the 
testis continues to be co\ered by a reflected fold of the processus vaginalis 
but lies entirely outside its cavity The gubemaculum of a newborn is 



PJG 370 —Descent of the human testis and its subsequent relations, shonn in dnfrrammatic 
hemisections 


only one-fourth its length when descensus began after birth it atrophies 
almost completely Sex hormones control the mechanism of descent 

Even before birth the narrow peritoneal canal, which connects the 
processus vaginalis with the abdominal cavity, frequently begins to become 
solid, and its epithelium eientuallj disappears®^ The vaginal sac, now 
isolated, represents the tunica laginahs of the testis (Fig 270 C) Its 
visceral layer is closely wrapped about the protruding testis, whereas the 
panetal layer forms a lining to the scrotal sac Thus the scrotum proves 
to be a specialized pouch of skin into which an extension of the body w^all 
accompanies the evaginating sac of pentoneum The ductus deferens and 
the spermatic vessels and nerves are earned down into the scrotum along 
with the testis and epididymis The> are embedded in connective tissue 
and constitute the spermatic cord Owing to the path taken by the testis 
in the scrotal migration, the ductus deferens loops over the ureter CFie 
276 C) ^ ® 

Female —The ovaiy of the newborn female still hes at the pelvic bnm 
Aftenvards the ovary and the iitpnis orarlnallv At+oir, 4-i-..^.« 1 . . 
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ndge, it extends from the caudal pole of the testis to the transverse bend 
in the urogenital ndge On the opposite side of the ndge a chorda guber- 
naculi soon bndges across to the adjacent body wall, as in the female {cf 
Fig 267 A) This m turn is continued by wa> of the ligamciiUfm scroti 
into the scrotal swellings At the beginning of the third month there thus 
exists a continuous, mesenchymal cable, the gtibcniaculiint testis, extending 
from the caudal end pf the testis through the inguinal canal to the scrotal 
swellings {cf Fig 268) The gubemaculum is composed of (Fig 269) (1) 
the hgamentum testis, (2) a connecting cord in the region of the regresswe 
mesonephros and utenne pnmordium, (3) the chorda gubcmacuh, and (4) 
the hgamentum scroti It is the homologuc of the ovanan ligament plus 
the round ligament of the uterus, between 
which in the female the uterus intervenes 
Descent of the Testis and Ovary — The 
onginal positions of the testis and ovar> 
change during development At first they 
are slender stnicturcs, extending caudad 
from the diaphragm (Fig 252 A) A faster 
elongation of the trunk ccphalad, in con- 
trast to the slower growing gonad, produces 
a relative shift of the latter in a caudal 
direction until the sex gland lies ten seg- 
ments below Its level of ongin (Figs 267 and 
268) ” TOcn this process of growth and 
shifting is complete (10 weeks), the caudal 
end of the gonad lies at the boundar> 
between abdomen and pelvis 

Male — In addion to its early ‘migra- 
tion’ caudad (internal descent), just mentioned, the testis later leaves the 
abdominal cavity and descends bodily into the scrotum (external descent) 
At the beginning of the third month, while the testes are still fairly high in 
the abdomen, sac-like pockets appear m each side of the ventral abdominal 
wall These are the beginnings of the vaginal sacs and from the fourth 
to the end of the sixth fetal month the lower poles of the testes he near 
them (at the site of the internal abdominal nng) without change of position 
(Fig 271 A) Each processus (saccus) laguialis evaginates through the 
ventral abdommal wall, by way of the slanting inguinal canal, then over the 
pubis, and so into the scrotum which it invades from the seventh month on 
During the seventh to ninth months the testes also descend along the 
same path (Figs 270 and 271) The hypophysis activates this process, in 
which the gubemaculum testis plays an important, but disputed role From 
the caudal pole of each testis the corresponding gubemaculum extends 



Pio 269 — Components of tlic hu 
mnn gubemaculum testis demon 
strated by a schematic trnnsverse 
section through a male embryo of 
two months (after Felix) X 10 
B Bladder G, gut T testis, L 
T hgamentum testis CG chorda 
gubemaculi L S , hgamentum scroti 
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With scrotal testes Still other mammals (rodents hedgehog bats) maintain open inguinal 
canals, their testes remain in the abdomen except during the mating season when the> ex- 
perience a descensus to the cooler scrotum Some hibernating animals have a penodic de- 
scent of the testes that follows the sharp nse m temperature on awakening 

V> hen the mgmnal canals oi man not obUtecate, cowdvUons are favorable for one pe 

of tngmnal hernia of the intestine into the scrotum (Fig 272) 





Fm 273 — Differentiation of the human external genitalia (after Spaulding) X 8 Stages at ten 
and twehewedcs A,B male C D female 

The External Genitalia 

The phylogenetic acquisition of an external penis, with a penile urethra, 
m the male of higher mammals parallels the evolution of a vagina, uterus- 
and the intra-utcnne development of the young in the female The relation 
of the external perns to the production of a perineum has been mentioned 
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Each ovary rotates rnto a transverse position and also revolves about the 
utenne tube until it comes to rest doi^l to the tube (Fig 263 B) 

Shallow peritoneal pockets, frequently persistent as the dti.crUcula of 
NucK, correspond to the vaginal s ics of the male Rarely, m eases of fault) 




A 


B 


Flo 271 —Retatrons before and nftcr the descent of th« human testis shomi b> dissecUons A At 
t\\ months D, At birth the left testis has f*ecn rotated 90“ (partly aher Coming) 



Fig 372 — Congenital 
inguinal hemia with its 
sac opened (Callander) 


development of the internal genitalia, a more or less 
complete descent of the ovary into the labium majus 
occurs The interposition of the uterus between the 
ovanan and round ligamcntsservcs as anormal block 
to ovanan descent, and in this Ttay is parti) re- 
sponsible for the retention of the Ovanes in the 
abdomen (Fig 268) 

AnomaUes — Descent of the testis into an abnormal 
location (e g , pcl\is or thigh) sometimes occurs For pnmates 
and vanous other mammals a permanent scrotal location of the 
testes is normal This is advantageous because of a lower 
temperature existing there, since spermatogenesis docs not 
occur at the higher temperature of the abdomen If the 
testicular descent tn these mammals is arrested at any point 
along its nonnal path, the condition is knorm as cryptorchsm 
b e , coneeaSed testes Tig 251 C), an abdominal location is 


accompanied by stenlity, for the reason already given Cryptorchism js due to develop- 
mental anomalies, mechanical obstruction or hormone deficiencj Administration of the 
gonadotropic hormone of pregnancy unrm is notably successful m inducing testicular de 
scent m cryptorchid boys “ 

In other mammals (whale elephant) an abdominal position of the testes is normal, hut 
the abdominal temperature m this group is nell below that found m animals like pnmates 
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clefts appear later in this combined membrane and free the prepuce once 
more, this separation, honever, is still ineomplete at birth A region of 
incomplete prepuce formation on the under surface of the glans produces 
the fold known as the frenulum The corpora caaruosa ferns are indicated 
in the seventh week as paired mesenchjmal columns within the shaft of 
the penis The unpaired corpus ca^ernosum urethra: results from the linking 
of similar mesenchjmal masses, one in the glans and the other in the shaft 
Female — Changes in the female are less profound, jet slower (Fig 273 
C, D) The phallus lags in derelopment and becomes the chtans, with its 
homologous glans chtoridis and prepuce The shorter urethral groove never 
extends onto the glans, as in the male, it remains as the open icshbulc The 
urethral folds, which flank the original groove, constitute the labia mtuora 



PiC 275 — Anomalies of the human genitalia A True ndult hermaph 
rodite in sagittal section the external genitalia are t>picall> mile except 
for the empty scrotum the internal genitalia are fcimle and include a bi 
comuate uterus an imperfect testis and ovar> occur on each side B, Hypo 
spadias showing in one drawing a composite of the common locations C, 
Hypospadias, of a severe degree in a false hermaphrodite D Epispadias 



The pnnutive labio-scrotal swelhngs grow caudad and fuse in front of the 
anus as the posterior commissure, while the original lateral portions enlarge 
into the labia majora, these parts now form a horse-shoe shaped nm, open 
toward the umbilicus The cephalically located vwns pubis arises later to 
complete the gap in the horse-shoe, it develops independently of the pnmitiv e 
swellings ** 


Anomalies — The name hermaphroditism (* e , Hermes plus Aphrodite) has been given to 
the condition that actually or apparently combines both sexes m one individual True 
hennaphrodittsm consists m the presence of both tcstis and o\ ary in the same indiv idual It 
occurs rarely in birds and mammals, is not imcomraon in the lower vertebrates, and is the 
noraal condition m hag fishes and many mv ertebrates (w orms molluscs) In man there are 
authentic cases both with combined ovotcbtis* and with separate ovary and testis (Fig 
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(p 278) Progressive stages m these several changes arc illustrated in 
reptiles, monotremes and marsupials 

For a week or more after the external genitalia arc first indicated, they 
are indifferent, or sexless, in appeirancc (Pig 247 B) By the end of the 
seventh ucck sex begins to be distinguishable grossly through certain ex- 
ternal characteristics, chief among which arc the crcctncss of the phallus 
the length of the urethral groo\c and the relations of the urethral folds to 
the labio scrotal s\\ellings (Fig 273 Yet for a time these entena 

are not perfectly reliable, as concomitant microscopical examinations of the 
sex glands prove Especially is there liability to error in diagnosing re- 
tarded males for females** Several additional weeks elapse before the 
distinctive modeling of the external genitalia begins These changes pro- 
gress rapidly and fetuses in the fourth month possess easily recognizable 
and fairly charactcnstic male or female genitalia 


Prepuce 


—Epidermis 


Clans- 

LpttheUal tat 




Corpus caternasum pents ^ 

Urethral 

Corpus eaternosum urethra/ ‘ 4 

Fic 274 —Tip of hiimin perns it four months in longitudinal section. X 18 


Male — Fetuses of ten weeks are at the beginning of the definitive 
stage In the male the phallus becomes the pents The edges of the 
urethral groove progressively fold together in a distal direction to transform 
an open urogenital sinus into the tubular caocruoits unthra within the penis 
(Fig 2y2 A, B) Their fused edges constitute a raph6 The scrotal sw ell- 
ings shift caudad until each becomes a half of the scrotmn, separated from 
its mate by the scrotal septum and superficial scrotal raphi {B) ** In the 
meantime the shaft of the penis elongates, and by the fourteenth w eek the 
urethra has closed as far as the glans (Fig 274) The urethra is then 
continued along an epithehal plate, which represents a solid part of the 
onginal urethral pnmordium, now mcompletely partitioning the glans By 
splitting, the plate is first converted into a trough, this promptly recloses 
into a tube that continues the urethra to its permanent opening at the tip 
of the glans During the third month a fold of skin at the base of the glans 
• begins growing distad and two months later surrounds the naked, spheroidal 
glans*’ This is the tubular or fore-skm (Fig 274) Fusio 1 occurs 
between the epithehal lining of the prepuce and covering of the glans, but 



HOMOLOGIES OF THE UROGEMT \L SYSTEM 


307 


TABULATION! OF UROGENITAL HOMOLOGIES 


Male 

IvPIFFERENT StACE 

Ffmvle 

Testis 

(1) 

(2) Seminiferous tubules 
(1) RetetesUs 

Gonad 

Ovary 

(1) Cortex 

(2) Medulla (primary) 

(3) Keleotaru 

(l) \Iesorchium 
( ) 

(]) Ligamenlum Itstis 

(4) t ubcrnaculum testa (in part) 

(5) OubfrnacuJum leslis (as a nhole) 

(61 

Genital tigamcnts 

(1) Mesovarium 

(2) Suspensory ligament of ovary 

(3) Proper ovarian ligament 

(4) Round ligament of uterus 
(S' 

(6) Broad ligament of uterus 

Efferent ductules and 
appendix epidtd^mdis 

1 Mesonephric collecting tubules 
j Cranial group 

rpoSphoroH and vesicular appendices 

Poraiid>inir and aberrant ductules 

' Caudal group 

Parodphoron 

(1) Ductus epididymidis 

(2) Ductus deferens 

(3) Sermnal \e5icle 

(4) Ejaculatory duct 

Mesonephne (n oIlTian) duct | 

Gartner s duct of the epoOphoron 

(i) Appendix testis 
is) 

MOlIenan duct 

(1) Uterine tube 

(2) Uterus 

(3) \agma (upper part’) 

Seminal colliculus 

^fUllc^ 8 tubercle 

lijmen (site of) 

(1) Bladder (except trieone’) 

(2) Upper prostatie urethra 

\ esic^urethral primordium 

(1) Bladder (etcept trigone*) 

(2) Urethra 

(0 Lower prostatie urethra 

(a) i restatie ulriele (or 

vagina maseulina) 

(b) Prostate gland 
<i) Mttnbtanous urethra 

Urogenital sinus 

PcUic porton 

<i) Vestibule (nearest vagina) 

(a) Vagina (loner part at least) 

(b) F«ra urethral ducts 
(2) Vestibule (middle part) 

(3) Caternous urethra 

Bulbo^urethral glands 

Phallic portion 

(3) Vestibule (between labia minora) 

V estibular glands (of Bartholin) 

<i) Perns 

(a) Gians penis 

(b) Urethral surface of penis 

(c) Corpora cavernosa penis 

(d) Corpus cavernosum urethra: 

Phallus 

Gians , 

Lips of urethral groove 

Shaft 1 

(i) Clitoris 

(a) Gians clitondis 

(b) Labia minora 

(c) Corpora cavernosa clitondis 

(d) Vestibular bulbs 

( ) Scrotum 
(3) Scrotal raphf 

Labio-scroial swellings 

(2) Labia majora 

(3) Posterior commissure 

<4’ 

Median sweltmc 

(4) Mons pubis 
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27s A),*'^ however, functional competency of both km<h of set glands docs not ctist The 
internal genitalia arc faultilv bisctua!, although female gonarls and ducts mav occur on one 
side and male gonads and ducts on the other The ettcmal genitalia sliow mixed mate and 
female characteristics The sccondarj sexual characters (beard, mamma., voice, etc) arc 
usually intermediate, tending now one way, now the other 

/ else hermaphroditism is characterized by the presence of the genital glands of one sex 
in an individual whose secondarj’ sexual characters and external gcnit ilia tend to resemble 
those of the opposite sex The internal sexual tract can be that of either sex, or it may be 
double or mixed , it is commonlv atrophic m some of its parts In m usaihne hermaphroditism 
an individual possesses testes, often undcsccndcd, but the external genitals (bv retarded dc 
velopmcnt and severe h\ jxispadias) and secondarj sexual characters arc like those of the 
female (Dg 275 C) In the rarer feminine hcrmaphnxlitism ovanes are present and some 
times descended, but the other sexual characters, such as enlarged chtons or fused bbiai, 
simulate the male 

No one theory accounts satisfactonlj for all hermaphroditic conditions In general, 
the relative activity of the cortical (female) and medull iry (male) components of the pnm 
itive bisexual gonad is seemingly responsible for many of the conditions obsened (p 292) 
This w ould explain the separate testis and ovarj or the combined ov ot cstis of a true hermaph 
rodite Also, masculinized pseudo hermaphrodites (with ovanes) have shown tumors of 
the ovanan medulla On the other hand, the feminization of a male pseudo hermaphrodite 
may well trace ongm to undue influence of the raatcmal hormones dunng pregnanej 

Absence or doubling of the penis is verj rare N'cvcrthclcss, the penis maj remain 
rudimentary or the chtons maj hypertrophy both conditions arc common in hermaph 
roditism If the lips of the slit like urogenital opening on the under surface of the penis 
fail to fuse anywhere along their extent, hypospadias results (Fig 275 li) this is a common 
occurrence in false hermaphroditism simulating the female type (C) Rarely the urethra 
opens on the upper surface of the penis — epispadias (D) This defect commonly accom- 
panies fissure of the abdominal wall (and extrophj of the bladder) just above (Fig 251 Qi 
it seemingly could be due to a displacement of the cloacal membrane and the appearance 
of the phallus caudal to it 

Homologies op the Urogenital System 
In the appended table are suramanzed the equivalent denvatives of 
the indifferent reproductive system, vestigial parts are pnnted in italics 
Figure 276 sets forth the same facts in pictonal form 
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more central cells are the earliest blood cells and these float in the blood 
plasma The latter appears as a clear fluid, apparently secreted by the cells 
of the blood island The plasma first occupies discrete intercellular clefts, 
but these spaces soon coalesce and produce a common lumen For a time, 
a cluster of pnmitue blood cells may adhere to the side of such an endo- 
thelial space, these cell groups are sometimes termed blood islands also 
Such primitive blood cells soon separate, differentiate mostly into red blood 
cells, and are snept into the general circulation However, the majonty of 
blood cells, both red and white, do not trace origin to angioblastic elements 
on the yolk sac, but arise progressively from the mesenchyme of the embr> o 
proper in a waj to be described in the following section 

By growth and union the onginally isolated \ascular spaces, derived 
from solid angioblast, are converted into plexuses of blood vessels which 
are present on the yolk sac, body stalk and chonon of human embr>os at 
the late head-process stage In the wall of the yolk sac this network com- 
prises the area tflscidosa which eventually envelops the entire sac (Fig 
286 .A) The first vessels within the embryo itself appear at the same time 
as the earliest somites Many have held that they onginate as direct 
extensions of the extra-embryonic vessels that progressu el> invade the 
embryo However, it is now generally agreed that the fundamental ongm 
of intra-embryonic vessels is from clefts differentiating locally in the mesen- 
chyme wherever the need anses The specialization of mesenchymal cells 
into endothelium is not a single early act but is repeated at different times 
and places during early development 

Proliferative growth of the endothelium, thus pnmanly established, 
links the simple vascular spaces into continuous channels, the latter further 
expand their pnmitive network by independent sprouting (Fig 282 B-D) ^ 
After a system of closed vessels (and a pnmitive blood circulation within 
them) has been established, new vessels anse only as outgrowths of pre- 
existing vessels * The causative stimulus that induces budding is unknown 

HEMOPOIESIS 

The development of blood cells (hemopoiesis) is similar in all embry- 
onic sites The parent tissue is the versatile mesenchyme which has many 
other denvatives (Fig 280) Its cells round up, detach and become free, 
basophilic elements that are the progenitors of all types of blood cells 

As a preliminary to hemopoiesis the pnmitive mesenchyme of the em- 
brjo begins differentiating into three sorts of tissues (i) blood islands on 
the yolk sac (2) endothelium, and {3) fixed mesenchyme cells Of these, 
the pnmitive blood cells of the yolk sac form mostly into early generations 
of nucleated red blood cells these serve the embryo for a time and then die 
out The endothelium of early stages has capacities identical with the 
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THE VASCULAR SYSTEM 
ANGIOGENESIS 

Both the blood cells and blood vessels ansc from mesenchyme The 
earliest formative tissue of this kind has long been called aut^wblast (vessel 
former) Some trace its earliest origin to distinctive cells that separate 
away from the primary trophoblastic capsule (enclosing the embrjo) at the 



Fig 277 — Differentiation of human blood vessels from blood islands A, At seven somites 
(Prentiss, after Mall X 23) B-D At si* sonutes showing three progressive stages in detail 
(X 325) 


same time the more generalized, extra-embryonic mesenchyme is similarly 
delaminating there * Slightly later, angioblast appears (by spreading?) in 
the body stalk and the wall of the yolk sac In the latter location the 
angioblast takes the form of isolated masses and cords termed blood islands 
(Fig 277 A, B) Originally solid, they soon hollow out (C, D) In this 
process the penpheral cells become arranged as a flattened endotheluim , the 
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more central cells are the earliest blood cells and these float in the blood 
plasma The latter appears as a clear fluid, apparently secreted by the cells 
of the blood island The plasma first occupies discrete intercellular clefts, 
but these spaces soon coalesce and produce a common lumen For a time, 
a cluster of pnmitive blood cells may adhere to the side of such an endo- 
thelial space, these cell groups are sometimes termed blood islands also 
Such pnmitive blood cells soon separate, differentiate mostly into red blood 
cells, and are s^ept into the general circulation However, the majonty of 
blood cells, both red and white, do not trace ongin to angioblastic elements 
on the yolk sac, but anse progressively from the mesenchyme of the embrj o 
proper in a wa> to be descnbed in the following section 

By growth and union the onginall> isolated vascular spaces, denved 
from solid angioblast, are converted into plexuses of blood vessels which 
are present on the yolk sac, bod> stalk and chonon of human embryos at 
the late head-process stage In the wall of the yolk sac this network com- 
prises the area vasctilosa which eventually en\elops the entire sac (Fig 
286 A) The first vessels within the embryo itself appear at the same time 
as the earliest somites Many have held that they originate as direct 
extensions of the extra-embryonic vessels that progressive!} invade the 
embryo However, it is now generally agreed that the fundamental ongin 
of intra-embryomc vessels is from clefts differentiating locally in the mesen- 
chjme wherever the need anses ‘ The specialization of mesenchymal cells 
into endothelium is not a single early act but is repeated at different times 
and places dunng early development 

Proliferative growth of the endothelium, thus pnmanly established, 
links the simple vascular spaces into continuous channels, the latter further 
expand their pnmitive network b> independent sprouting (Fig 282 B-U) ® 
After a system of closed vessels (and a pnmitive blood circulation within 
them) has been established, new vessels anse only as outgrowths of pre- 
existing vessels * The causative stimulus that induces budding is unknown 

HEMOPOIESIS 

The development of blood cells (hemopoiesis) is similar in all embry- 
onic sites The parent tissue is the versatile mesenchyme which has many 
other denvatives (Fig 280) Its cells round up, detach and become free, 
basophilic elements that are the progenitors of all types of blood cells 

As a preliminary to hemopoiesis the pnmitive mesenchyme of the em- 
bryo begins differentiating into three sorts of tissues (i) blood islands on 
the yolk sac, (2) endothelium and (3) fixed mesenchyme cells Of these, 
the pnmitive blood cells of the > oik sac form mostly into early generations 
of nucleated red blood cells these serve the embryo for a time and then die 
out " The endothelium of early stages has capacities identical with the 
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iRcscnchyme that Rave it onRin, but these powers are soon lost (Fig 278) 
The mesenchyme is the chief blood-forming tissue of the embrjo, uhilc its 
successor, the fi'tcd connective-tissue cells, serves the same function in the 
adult In all the locations about to be mentioned, hemopoiesis is made 
possible by the detachment of mesenchymal cells \vhich then serve as 
proliferative stem cells 

Dunng the prenatal period several locations arc utihrcd successively 
for the formation of red and white elements ** Their sequence and time of 
first appearance arc as follows (1) jollv sac (fourth week), (2) body mesen- 
ch>me and blood vessels (fifth week), (^) liver (sixth week), (4) spleen, 
thymus, and lymph glands (second to fourth month) , and (5) bone marrow 
(third month) There is considerable overlap in the activities of these foa 
For example, the yolk sac abandons hemopoiesis in the second month, by 


Ilemoblast rndaiheUum 


Mestnehyme 



— nddhtlurltfU 
I ^ 1 roundinttnto 
; hempblasl 

\fesenchyme 

Fig 278 — Section of a blood % esscl on the yolk sac of a nbbit cmbT> o at fi\ c somites (Manmow) 
X 500 
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contrast, the liver is the most active site until the middle of fetal life, when 
its activity decreases slowl> and ceases at birth One by one, these organs 
give up total blood formation until the red marrow alone remains as the 
single source from which all types of blood cells are recruited dunng post- 
natal life This totipotent formative capacity of the bone marrow is supple- 
mented by the lymphoid organs and fixed connective-tissue cells (other than 
fibroblasts) , they are the pnncipal sources of lymphocytes and monoc> tes 
Two sharply contrasted views are held as to the exact mode of ongin 
(Jtenwpotests) of the vanous blood elements According to the unitanan 
theory, a common mother cell gives nse to all types of blood elements, both 
red and white (Fig 280) * The dttaUsUc and trtaltsUc theories, on the con- 
trary respectively assert that the erythroplastids are denved from one 
mother cell while the granular and non-granular leucocytes trace their 
ancestnes to one, or to two separate stem cells ® The total evidence seems 
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to favor the unitanan view and the descnptions that follo\\ mil be based 
upon it, pnncipally according to the specific interpretations of Maximow ’ 
and Bloom * Nevertheless, it should be recognized at the outset that hemo- 
poiesis IS a difficult and baffling study on which other opinions, divergent in 
certain respects from those set forth here, are held ® 

The generalized mother cell from which the vanous blood elements are 
thought to differentiate may be called the hemoblast (Fig 2S0) It has the 
typical appearance of a large Ijmphocjte, and accordingly is an ameboid 
cell with a large, open-structured nucleus and a relati\el> small amount of 
finely granular, basophilic cytoplasm From such parent cells, according 
to the unitanan view, all blood elements arise Specialization proceeds in 
divergent directions, one line leads to the red corpuscles, the other to the 
white senes The determining factor behind such diverse differentiation 
appears to be in part environmental and chemical For example, in adult 
birds,® and possibly also in mammals,® red blood cells develop within blood 
channels and white cells outside them, there is reason to suspect that the 



A B 


Fig 279 — Methods by which the nucleus ina> be lost from mammilun normoblasts 
A Loss b> extrusion either as a whole (abo\e) or in fragments (below) B Loss b> c> toplasmic 
constnction as followed m blood cultures clunng i thirtj minutt, period (after Emmel) 

real explanation for these differences lies in such factors as the degree of 
oxygen tension ® 

Differentiation of Red Cells - — A generic name for the differentiating 
red cell is erythroblast Spnnging from the totipotent hemoblasts of the 
blood islands, bod> mesenchjme, liver, lymphoid tissue and bone marrow, 
it undergoes in each location an identical transformation whereby the cyto- 
plasm gains hemoglobin and the nucleus condenses and is lost In this 
metamorphosis there are recognized three principal stages (Fig 280) 

1 Megaloblasts (once termed ichthjoid blood cells because of their 
resemblance to the typical red blood cell of fishes) The> are charactenzed 
b> checkered nuclei and the presence of some hemoglobin in the cytoplasm 
For the first six weeks of development the megaloblast is the only red blood 
cell found, it multiplies within the blood vessels but after the third month 
practically disappears from the blood stream 

2 Normoblasts (once termed sauroid blood cells because they resemble 
the red blood cells of adult reptiles and birds) This stage first transforms 
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mesenchyme that gave it ongin, but these powers arc soon lost (Fig 278) 
The mesenchyme is the chief blood-forming tissue of the embryo, while its 
successor, the fixed connective-tissue cells, serves the same function in the 
adult In all the locations about to be mentioned, hemopoiesis is made 
possible by the detachment of mesenchymal cells which then serve as 
proliferative stem cells 

Dunng the prenatal penod several locations arc utilized successively 
for the formation of red and white elements ” Their sequence and time of 
first appearance are as follows (1) yolk sac (fourth week) , (2) body mesen- 
chjane and blood vessels (fifth week), (3) liver (sixth week), (4) spleen, 
thymus, and Ijanph glands (second to fourth month) , and (5) bone marrow 
(third month) There is considerable overlap in the activities of these foa 
For example, the yolk sac abandons hemopoiesis m the second month, by 
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Fig 278 — Section of a blood vessel on the >olk sac of a nbbit embryo at e somites (MaTimow) 
X 500 


contrast, the liver is the most active site until the middle of fetal life, when 
its activ ity decreases slowl> and ceases at birth One by one, these organs 
give up total blood formation until the red marrow alone remains as the 
single source from which all types of blood cells are recruited dunng post- 
natal life This totipotent formative capaaty of the bone marrow is supple- 

mented by the lymphoid organs and fixed connective-tissue cells (other than 
fibroblasts) , they are the pnncipal sources of lymphocytes and monocytes 
Two sharply contrasted views are held as to the exact mode of ongm 
(hemopoiests) of the vanous blood elements According to the umtanan 
theory, a common mother cell gives rise to all types of blood elements, both 
red and white (Fig 280) ® The dualtsttc and triahstic theortes, on the con- 
trary , respectively assert that the erythroplastids are derived from one 
mother cell, while the granular and non-granular leucocytes trace their 
ancestnes to one, or to two separate stem cdls * The total evidence seems 
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from megaloblasts in the h\er, and is predominant in embryos of t^o 
months Normoblasts are distinguished by their small, dense nuclei and 
richer hemoglobin, but in spite of this specialization they still undergo 
mitosis and so continue to aggregate in clusters In the early months many 
normoblasts are present in the circulating blood 

3 EryihroplasUds (red blood corpuscles) These elements, character- 
istic of mammals, originate from normoblasts through the loss of their 
nuclei The way in ivhich the nucleus disappears IS disputed It is usually 
said to be extruded as a whole or in fragments (Fig 279 A),"^ but some claim 
that it is absorbed and others state that the cytoplasm buds away from the 
nucleated remnant (B) The earliest red blood corpuscles are sphencal 
elements, they are first formed during the second month, chiefly in the liver 
Dunng the third month the enucleated corpuscles first predominate 

Differentiation of Granulocytes — In the locations already enumerated, 
the hemoblasts also serve as mother cells for diflerentiating granular leuco- 
cytes (Fig 280) The young granulocytes, thus produced, elaborate wuthin 



Fig 281 — Ongm of blood platelets {"^nght) X 1000 A mcgik'tr>oc>tc extends processes 
into a blood \essel (V) and detaches phtclets {bp) 

their cytoplasm specific kinds of granules While still immature, these cells 
continue to proliferate, yet they cannot transform into any other cell type 
beyond the one already begun Ultimately the ability to divide is lost and 
differentiation into mature granulocy tes proceeds to an end In the marrow 
such developmental stages are designated myelocytes Three types may be 
recognized 

1 Neutrophils have a finely granular and neutrally staining cytoplasm 
The nucleus changes through crescentic to complex, lobate shapes 

2 Eosinophils develop coarse granulations and a bilobed nucleus The 
granules stain intensely with acid dyes 

3 Basophils acquire an irregularly shaped nucleus and differentiate 

coarse cytoplasmic granules that stam heavily with basic dyes These 
blood elements are a type entirely distinct from the tissue basophils or 
mast cells ’ 

Differentiation of Non-granular Leucocytes —There is no essential dif- 
ference between the hemoblast and the definitive large lymphocyte (Fig 
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The first paired vessels are represented in human embryos that stand 
at the beginning of somite formation (Fig 283) There are two unfused 
heart tubes and paired central and dorsal aortic The latter connect on each 
side through a first aortic arch The aortic give off several vttdhuc artenes 
to the yolk sac and a pair of umbilical arteries which pass into the body 
stalk and branch in the n all of the chonon A pair of vUclhnc and of nmhiU 
teal reins provide for the venous return to the heart Neither the vitelline 
nor umbilical vessels make a complete functional circuit at this time 



Fig 282 Growth of blood vc-scN A, Primitive vvrul/tr jiloiui in tin (anilnl tint of a 
iH^ni Cfnbr>o (Evms. X 35I The sriitic nrttry wHI .limruUi .1. frn.u ll» jnit.mrv 

Sr loom \ 1'“’ *"'‘n ii. < // 0 

De\dQpmentoCac-v7i^\hTynclv.OTlv,obirv«)inl»itIivinj rtibl.il (Chirk, X Mo) 


Embi7os with about 12 somites are oli.ir.iclen/td by a . 
through the union of its component halves, and the estulilwlmnut (if vilel- 
Ime and umbilical circulations (F,e 284) Ike, him of the i.iily de^uie ilf 
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280) In fact, the latter must be considered as retaining its ongtnal toti- 
potent potentialities which may be exercised i\hcn needed The large 
lymphocytes regularly give nsc to the small type, and the latter m turn 
grow into large ones From the pnmitivc embryonic mesenchyme are 
differentiated the fixed tissue cells {rchculoHudothcltnm) of lymphoid, hepatic 
and marrow sinuses, as well as the freely wandenng, highly phagocytic 
elements (macrophages) of close affinity Both the macrophages and the 
hemoblastic lymphocytes, in turn, give nsc to monocytes (large mononuclear 
leucocytes) with a charactenstic, kidney-shaped nucleus, and to connective- 
tissue mast alls with basophilic cytoplasmic granules Finally, some hemo- 
blastic lymphocytes spcciali2e into imgakaryocytcs, which are the giant cells 
found typically in bone marrow ” From them blood platelets arc commonly 
held to anse, some think they onginatc as detached c>toplasmic processes 
(Fig 2S1) 

THE PRIMITIVE VASOJLAR SYSTEM 

An earlier paragraph (p 310) has desenbed the formation of local 
mesenchymal clefts whose boundary cells flatten into endothelium The 
linkage and subsequent growth of such vascular spaces into networks of 
vessels have also been mentioned In accordance with this method the 
vascular system develops m all vertebrates Its precocious diflercntntion 
in very young embryos of higher mammals is correlated with the absence 
of nutritive yolk and the consequent need of vessels that will extract nour- 
ishment and oxygen from the maternal circulation and distnbute them to 
the tissues of the embryo For a while the artenes and veins are not 
distinguishable structurally, yet even in young embryos they are named 
in anticipation of the vessels that arc destined to anse from them Around 
the endothelium, which is the pnraary tissue of the vascular system, the 
neighbonng mesenchyme later adds accessory coats These are (i) the 
tunica iniima (endothelial and fibrous), (2) the titmca media (muscular), 
and (3) the tunica externa, or adventitia (fibrous) Through folding, the 
tunica intima of veins gives nse to pocket-like valves 

Delicate injections show that diffuse, capillary plexuses precede the 
formation of definite artenal and venous trunks in any region (Fig 282) 

It IS only through the selection, enlargement and differentiatibn of appro- 
pnate paths in such networks that the definitive vessels arise those capil- 
lanes from which the flow has been diverted, atrophy The selection of 
appropriate channels from the diffuse capillary bed results both from the 
action of inherited patterns and from the hydrod3mamic factors incident to 
the blood flow What determines the differentiation of some channels into 
arteries and others mto vems is unknown, presumably the mechanical 
conditions of the blood flow (speed pressure and pulse) play a r61e 
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The first paired vessels are represented in human embryos that stand 
at the beginning of somite formation (Fig 283) There are ti\o unfused 
heart tubes and paired <.ciitral and dorsal aorttc The latter connect on each 
side through a first aortic arch The aortae give off several Vihllmc aricrtes 
to the ^olk sac and a pair of utnbthcal arteries which pass into the body 
stalk and branch in the w all of the chonon A pair of viiclhnc and of umhil- 
tcal provide for the \enous return to the heart Neither the vitelline 
nor umbilical vessels make a complete functional circuit at this time 



Fig 282 — Growth of blood vessels A, Pnmitive vascular plexus in the caudal end of a 
sixt> hour chick embryo (Evans X 35) The sciatic artery mil difTerentiate from the primary 
capillary plexus of each hmb bud aortas have already formed from the mc'^ial margins B~D 
Development of a capillary network observed m the living rabbit (Clark X no) 

Embryos with about 13 somites are charactenzed by a single heart, 
through the union of its component halves, and the establishment of vitel- 
line and umbilical circulations (Fig 284) Because of the early decline of 
the >olk sac, an actual vitelline circulation lasts but a short time By 
contrast the placental circuit remains functional until birth 

The next important advances are found m embryos about 3 mm long 
that possess some 20 somites (Fig 285) Two aortic arches are present 
and the dorsal aort® begin to fuse into a single descending aorta An out- 
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280) In fact, the latter must be considered as retaining its ongmal toti- 
potent potentialities \\hich may be exercised uhen needed The large 
lymphocytes regularly give nsc to the small type, and the latter m turn 
grow into large ones From the pnmitive embryonic mesenchyme arc 
differentiated the fixed tissue cells (rcttculo-cndothchum) of lymphoid, hepatic 
and marrow sinuses, as well as the freely wandenng, highly phagocytic 
elements (macrophages) of close affinity Both the macrophages and the 
hemoblastic lymphocytes, m turn, give nsc to monocytes (large mononuclear 
leucocytes) with a charactcnstic, kidney-shaped nucleus, and to connective- 
tissue mas/ cells with basophilic cytoplasmic granules Finally, some hemo- 
blastic lymphocytes specialize into megakaryocytes, which are the giant cells 
found typically in bone marrow ” From them blood platelets arc commonly 
held to arise, some think they originate as detached cytoplasmic processes 
(Fig 281) 

THE PRIMinVE VASCULAR SYSTEM 

An earlier paragraph (p 310) has described the formation of local 
mesenchymal clefts whose boundary colls flatten into endothelium The 
linkage and subsequent growth of such aascular spaces into networks of 
vessels have also been mentioned In accordance with this method the 
vascular system develops in all vertebrates Its precocious differentiation 
m very young embryos of higher mammals is correlated with the absence 
of nutntive yolk and the consequent need of vessels that will extract nour- 
ishment and oxygen from the maternal circulation and distribute them to 
the tissues of the embryo For a while the artenes and veins are not 
distinguishable structurally, yet even in young embryos they are named 
in anticipation of the vessels that are destined to anse from them Around 
the endothelium, which is the pnmary tissue of the vascular system, the 
neighboring mesenchyme later adds accessory coats These are (i) the 
tunica intima (endothelial and fibrous) (2) the tnmea media (muscular), 
and (3) the tunica externa, or adventitia (fibrous) Through folding the 
tunica intima of veins gives nse to pocket-hke valves 

Delicate injections show that diffuse, capillary plexuses precede the 
formation of definite arterial and venous trunks in any region (Fig 282) 

It IS only through the selection, enlargement and differentiatibn of appro- 
priate paths in such networks that the definitive vessels anse those capil- 
lanes from which the flow has been diverted, atrophy The selection of 
appropnate channels from the diffuse capillary bed results both from the 
action of inhented patterns and from the hydrody namic factors incident to 
the blood flow What determines tiie differentiation of some channels into 
artenes and others mto vems is unknown, presumably the mechanical 
conditions of the blood flow (speed pressure and pulse) play a r61e 
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standing feature is the appearance of paired \ eins to care for the drainage 
of blood from the embrj'o proper back to the heart These vessels are the 
prccardmal ^cins falreadv developing in the previous stage) which drain 
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Fig 286 Heart and blood \essels of earlj human embr>Oi> (Pitttn and Davis) A At 
Our weeks viewed from the left side (X 30) 5 C At four and ei^ht somites respectively 

Showing the exposed heirt m ventral view (X 65) 

blood from the head region, and postcardmal veins, which serve the lower 
evels of the body m a similar t\ay Before entenng the heart the two sets 
■vessels on each side unite m a common cardinal ectn 
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Strands, each of which gains a cavity These thin-walled, endothelial tube„ 
he within corresponding longitudinal folds of the splanchnic mesoderm A' 
the cranial end of the future heart the two tubes soon fuse into a single tube, 
whereupon their mesodermal folds become a single fold enclosing them ven 
trally and laterally (Figs 286 B and 287 C) Traced caudad from the 
short, common pericardial cavity, where these events have occurred, sepa- 
rate tubes and folds are still seen This is because they necessanly follow 
the course of the two lateral coelomic canals which continue the mesial 
portion of the pencardial cavity caudad (Figs iig A and 287 D) As the 
anterior intestinal portal retreats m a caudal direction to elongate the fore- 




Fig 287 — Development of the human heart A B Diagrammatic sagittal sections at a 
presomite stage and at se\ en somites respectively, showmg the revemal of the heart and pencardial 
ccelom C, Z?, Transverse sections through the vcntncle and paired atna at seven somites (X 55) 


gut, opportunity is offered for these paired cardiac pnmordia to unite with 
the median, unpaired portion, already formed This they do, but not 
through side-by-side fusion with the subsequent absorption of their common 
mesial partition Rather, the unpaired, mesial heart expands caudad m 
pace with the enlarging pencardial cavity which progressively incorporates 
the lateral coelomic canals (Fig 219) The paired cardiac pnmordia are 
likewise absorbed dunng this advance until the entire heart is a single organ 

(Fig 286 5. C) 

The internal, endothelial tube will become the essential component of 
the cndocardttim, the external mesodermal layer gives nse to the myocard- 
ium and cpicardiwn (Fig 287 Q At this stage the unpaired heart is a 

14 
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In embrj'os about 5 min Ions (witli the full number of 40 somites) 
five pairs of aortic arches (and a suggestion of another, nidimentary pair) 
have developed (Fig 286 A) The single aorta bears numerous dorsal 
(intcrscgmental) and lateral branches, of the ventral, \itclhne senes, three 
are now prominent (Fig 311) (i) the ctvliac artcr} m the stomach pancreas 
region, (2) the superior imscutcnc in the smnll-mtestinc region, and (3) the 
wfertor vtcsiuUnc in the large-intcstinc region 

The embryonic plan at the stage of paired symmttncal vessels is indi- 
cated in Fig 286 A Fusions, atrophy and rerouting lead to profound alter 
ations and asymmetry in later stages The descnptions that follow will 
treat these changes m their essential details 

DEVELOPMENT OF THE HEART 

The heart is a blood vessel with a large lumen and especially thick 
muscular walls In lower fishes and amphibians it seemingly develops in 
a simple, direct manner A tubular cavity appears wathin the ventral mes- 
entery of the fore gut, about this cavity the mesenchymal cells straightway 
differentiate into endo-, myo- and cpicardium Nevertheless the heart 
material is onginally furnished by the merger of paired folds of the lateral 
mesoderm, each of which can if kept separate, difTcrcntiate a separate 
heart 

In bony fishes reptiles and birds the early stages of cardiac develop- 
ment are more complicated This is the result of a flattened blastoderm 
due to excessive yolk, and the consequent necessity for the heart to develop 
as two lateral halves At first well separated, the halves secondanly swang 
together and fuse in the midplane (Figs 502 to 504) 

The heart of mammals does not anse by pure fusion like that of the 
bird A cardiogenic plate is located in front of the head — in the splanch- 

nic mesoderm and beneath the pencardial ccelom located there (Fig 287 A) 
With the forward growth of the head (chiefly neural plate) there is a reversal 
of this portion of the blastoderm, as also desenbed on p 100 and illustrated 
in Fig 70 The region thus turned under becomes the floor of the fore-gut 
(Fig 287 B) In this process the heart pnmordium is necessarily reversed 
end-for-end with respect to its original orientation It then lies above 
instead of below, the pencardial ccelom and m the splanchnic mesoderm 
that IS situated beneath the fore gut The caudal end of the heart is con- 
tinuous with the mass of mesoderm, just cephalad of the antenor intestinal 
portal that forms the septum transversum Here it receives the several 
veins that enter the septum to dram blood into the heart 

The earliest identifiable cardiac pnmordia are aggregates of splanchnic 
mesodermal cells that appear on the surface of the cardiogenic plate next 
the entoderm They arrange themselves side-by-side as two longitudinal 
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strands, each of which gams a cavity These thm-walled, endothelial tubes 
he within corresponding longitudinal folds of the splanchnic mesoderm At 
the cranial end of the future heart the tno tubes soon fuse into a single tube, 
whereupon their mesodermal folds become a single fold enclosing them ven 
trally and laterallj (Figs 286 B and 287 Q Traced caudad from the 
short, common pencardial cavity, where these events have occurred, sepa- 
rate tubes and folds are still seen This is because they necessanly follow 
the course of the two lateral ccelomic canals which continue the mesial 
portion of the pencardial cavity caudad (Figs 219 A and 287 D) As the 
antenor intestinal portal retreats in a caudal direction to elongate the fore- 




Pig 287 — De\ elopment of the human heart A, B, Diagrammatic sagittal sections, at a 
presoimte stage and at sev en somites respectively, showing the re\ ersal of the heart and pencardial 

ccelom C,D Transverse sections through the ventneleand paired atna, at se\en somites (X 55) 


gut, opportunity is offered for these paired cardiac pnmordia to unite iMth 
the median, unpaired portion, already formed This they do, but not 
through side-by-side fusion with the subsequent absorption of their common 
mesial partition Rather, the unpaired, mesial heart expands caudad in 
pace with the enlarging pencardial cavity which progressively incorporates 
the lateral coslomic canals (Fig 210) The paired cardiac pnmordia are 
likewise absorbed dunng ihis advance until the entire heart is a single organ 
(Fig 286 B C) 6 6 

The interna’, endothelial tube will become the essential component of 
the endocardium, the external, mesodennal layer gives nse to the myocard- 
ium and eptcardtum (Fig 287 Q At this stage the unpaired heart is a 

14 
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In embryos about 5 mni long (with the full number of 40 somites) 
five pairs of aortic arches (and a suggestion of another, rudimentary pair) 
have developed (Fig 286 i 4 ) The single aorta bears numerous dorsal 
(intersegmental) and lateral branches, of the ventral, vitelline senes, three 
are now prominent (Fig 311) (1) the caltac artery m the stomach-pancreas 
region, (2) the superior mesenteric in the small-intcstme region, and (3) the 
inferior mesenteric in the large-intestinc region 

The embryonic plan at the stage of paired symmctncal vessels is indi- 
cated in Fig 286 A Fusions, atrophy and rerouting lead to profound alter- 
ations and asymmetry in later stages The descnptions that follow w^ll 
treat these changes in their essential details 

DEVELOPMENT OF THE HEART 

The heart is a blood vessel with a large lumen and especially thick 
muscular walls In lower fishes and amphibians it seemingly develops m 
cl simple, direct manner A tubular cavity appears within the ventral mes- 
entery of the fore-gut, about this cavity the mesenchymal cells straightway 
differentiate into endo-, myo- and epicardium Nevertheless, the heart 
matenal is ongmally furnished by the merger of paired folds of the lateral 
mesoderm, each of which can, if kept separate, differentiate a separate 
heart 

In bony fishes, reptiles and birds the early stages of cardiac develop- 
ment are more complicated This is the result of a flattened blastoderm 
due to excessive yolk, and the consequent necessity for the heart to develop 
as two lateral halves At first well separated the halves secondanlj swing 
together and fuse in the midplane (Figs 502 to 504) 

The heart of mammals does not anse by pure fusion, like that of the 
bird A cardiogenic plate is located in front of the head — m the splanch- 
mc mesoderm and beneath the pencardial ccelom located there (Fig 287 A) 
With the forward growth of the head (chiefly neural plate) there is a reversal 
of this portion of the blastoderm, as also desenbed on p 100 and illustrated 
in Fig 70 The region thus turned under becomes the floor of the fore-gut 
(Fig 287 B) In this process the heart pnmordium is necessarily reversed 
end-for-end with respect to its onginal onentation It then lies above 
instead of below, the pencardial ccelom, and in the splanchnic mesoderm 
that is situated beneath the fore-gut The caudal end of the heart is con- 
tinuous with the mass of mesoderm, just cephalad of the antenor intestmal 
portal, that forms the septum transversum Here it receives the several 
veins that enter the septum to drain blood into the heart 

The earliest identifiable cardiac pnmordia are aggregates of splanchnic 
mesodermal cells that appear on the surface of the cardiogenic plate next 
the entoderm Thej arrange themsdves side by-side as two longitudinal 
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IS complete in embrj os with some nine somites, but the atna are stih paired 
sacs Such a heart shows at first three divisions (Fig 289 d) (i) the 
atnum, which receives blood from the pnmitive \eins, (2) the icnlrich, or 
chief pumping region and (3) the bnlbits, continuous into short ventral 
aortcC By the end of this penod a fourth division the sinus ccnostts, arises 
constriction from the hi nd end of the a tnum (Figs 288 B and 290) It 
fies within the septum transversum and is a center of confluence for all the 
veins Internally, a pair of sinus valves (nght and left) guards the entrance 
into the atnum, swollen endocardial cushions (dorsal and ventral) narrow 
the heart locally into an atno-v cntncular canal, while elongate ndges (dorsal 
and ventral) course in the bulbus (Fig 289 B) 

External Chances in the Heart 


Between the stages of 7 and r6 somites the dorsal mesocardium has 
arisen and disappeared, thereby leaving the heart unattached except at 



Fig 290— Human hearts m advanced flexion A, Ventral vieu at sixteen somites ( X 60) 
B, Dorsal \iew at t«ent> two somites (X 45) 

its two ends (Fig 289) Extending through and beyond this same period 
the cardiac tube grows faster than the pencardial cavity m which it lies, 
and as a result the heart is compelled to bend The method of asymmetneal 
growth is such that the entire tube is thrown into a simple, spiralled S, 
the chief pnmary flexure is to the right, and by means of it the bulbus and 
ventncle become a U-shaped loop (Fig 289) A continuation of this growth 
process drops the bulbo-ventncular loop still farther caudad and ventrad 
(Fig 290) At the same time the sinus venosus is drawn out of the septum 
transversum, whence it follows the atnum until they both he dorsal and 
cranial to the rest of the heart (Fig 291) This shift is due to a more 
oblique position taken by the septum transversum 

These changes thus result m an essential reversal of the original cephalo- 
caudal relations of the primitive parts of the heart, in addition, the venous 
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double-walled tube, suspended by a mcscntenal attachment where the 
lateral margins of the mesodermal folds are reflected upon the ventrolateral 
sides of the fore-gut This mesentery, named the dorsal uusocardtum, is 
only temporary, it is lost before the heart has advanced greatly (Fig 2S8 
B and 289 B) A pccuhanty of the mammalian heart, in contrast to other 
vertebrates, is that there is no definite ventral mcsocardmm (Fig 288 B) 




A B 

Fjo 288 —Human h^^rts jn the sjmpJc tububr sl'Jrt A, Fuired arAiac tubes, at ax 
somites withm the \ tntrall) opened pencirdnl cavit> titter Divis X 60) 5 , Sagittal section 
to shoiv sehemilicallj the heart and its relations (after Prazer) 

A Atnum /tm.omoion 3 ,bu!bus Z> J/ , dorsal mesocardmm i , liver P pencardium, 
Ph F , paaryngeal floor, 5 , septum traosversum, V, sinus, veaosus, V, ventricle 



Fio 289 — Human hearts in eariy flevon A, Ventral new, at eleven somites in stU (after 
Davts X 50) 5 , Dtagrammatic sagittal section of the heart (after Frazer) 

This IS because the ccelora anses very early from the coalescence of separate 
spaces and forms a complete cavity m the region of the heart before the 
head fold and heart, as such, begin to differentiate (Fig 287 A, B) 

Even before the bilateral cardiac halves merge, they each bear two 
constnctions which indicate the future regions marking off atnum, ventncle 
and bulbus (Fig 288 A) The union of the bulbar and ventricular halves 
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IS complete in embryos with some nine somites, but the atna are still paired 
sacs Such a heart shows at first three divisions (Fig 289 /I) (i) the 
aininn, which receives blood from the pnmitive veins, (2) the ..cninclc, or 
chief pumping region, and (3) the bulbits, continuous into short ventral 
aortcT By the end of this penod a fourth division, the sums coiosus, anses 
l^y constnction from the hind end of the a tnum (Figs 288 B and 290) It 
lies within the septum transversum and is a center of confluence for all the 
veins Internally, a pair of sinus valves (right and left) guards the entrance 
into the atnum, swollen endocardial cushions (dorsal and ventral) narrow 
the heart locall> into an atno ventnciiHr canal, while elongate ndges (dorsal 
and ventral) course in the bulbus (Fig 289 B) 

External Changes in the Heart 


Between the stages of 7 and 16 somites the dorsal mesocardium has 
arisen and disappeared, thereby leaving the heart unattached except at 



Fig 290 — ^Human hearts in adianced flexion A, Ventral mcw at sixteen somites ( X 60) 
B, Dorsal view, at twenty two somites (X 45) 


Its two ends (Fig 289) Extending through and bejond this same penod 
the cardiac tube grows faster than the pencardial cavity in which it lies, 
and as a result the heart is compelled to bend The method of asymmetneal 
growth is such that the entire tube is thrown into a simple, spiralled S, 
the chief pnmary flexure is to the nght, and by means of it the bulbus and 
ventncle become a U-shaped loop (Fig 289) A continuation of this growth 
process drops the bulbo-ventncular loop still farther caudad and ventrad 
V ig 290) At the same time the sinus venosus is drawn out of the septum 
ransversum, whence it follows the atnum until they both lie dorsal and 
<^riial to the rest of the heart (Pig 291) This shift is due to a more 
o ique position taken by the septum transversum 

These changes thus result in an essential reversal of the original cephalo- 
cau a relations of the primitive parts of the heart , in addition, the venous 
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and artenal ends are brought dose together as m the adult The growing 
atnum is now constricted dorsally by the gut and ventrally by the bulbus 
For this reason it can enlarge rapidly only m a lateral direction, and in so 
doing forms a sacculation on each side \.hich becomes the future right or 
left atnum, respectively (Fig 291), the location of the internal partition 
separating the tv*o is marked superficially by the aUcratnal sulcus Mean- 
while the nght horn of the sinus venosus enlarges more rapidly than the Ictf 
(Figs 290 B and 29C ^), due to an important shift m the blood flow from 
the left side of the body across the hver (Fig 316) 

As the bulbo ventncular loop increases m size, the duplication of the 
wall between its two limbs lags in development (perhaps hastened by actual 
atrophy)'* and disappears dunng the sKth week (Fig 291) The result is 
the merging of the two into a single chamber, the pnmitive ventncle 



Fig 2<3i — Human hearts xn \entral view progressing toward the de/mitue external form 
A At 5 mm <partl> after Ingills X 33) B, atiamm (after ‘Wirtinger X 15) 

(Fig agS), which is separated from the atna by a deep coronary sulcus 
Soon the ventncle shows a median longitudinal groote that indicates the 
position of an internal septum already partitioning the unpaired chamber 
into two (Fig 291 B) this external groove is the intercoitricular sulcus 

Thus in an embryo of six weeks (about 12 mm long), the heart exhibits 
the general external shape and markings that charactenze it permanently 
(Fig 291 B) At this penod its relatixe size is about nine times that in the 
adult At first the heart lies hi§^ in the cervical region, but lengthening 
of the pharynx and the structures dorsal to it causes a relative recession 
toward the definitive position in the thorax This caudal 'migration' is 
attested permanently by the downwardly displaced courses of the recurrent 
and cardiac nerves After the diaphragm reaches its final location, the 
heart rotates so that the ventncles, which prenously were ventral to the 
atna, henceforth become more caudal 
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Experiments on amphibia show that a >oung heart, removed and grown in culture 
medium, dev elops normally It is, therefore, self differentiating Moreover, isolated pieces 
of the >oung heart are totipotent and can develop into whole organs Nevertheless, that 
the heart is also subject to environmental influence* is proved bv the abnormal dev elopment 
which follows its transplantation to a strange region of the bod> , and b> the normal devel 
opment of a heart removed and replaced after being turned end for end This latter de 
pendence is however, not due to the flow of the blood stream, i normal]} located heart 
differentiates and beats normallv even when the flow is lacking 


Internal Changes in the Heart 

In an embr>o of 5 mm , the heart contains three as yet undivided 
chambers (i) the simis oeuosus, opening dorsally into the nght dilatation 
of the atnum, (2) the bilaterally dilated atnuvi, communicating, m turn, 
by a common canal with (3) the primitive ventneh, which is already incor- 
porating the bulbus into itself This is the type of heart found in adult 
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Pig 292 —Human hearts hemiseutcd to show the internal structure and dorsal wall (after 
Tandler) X 40 /I At 6 5 nun B at 9 mm 

fishes, where it pumps venous blood to the gills for oxygenation But the 
replacement of gills bv lungs m higher vertebrates has been accompanied 
by a partitioning of the heart into a venous and an artenal half, each with 
Its Qvm entrance and exit Thus birds and mammals have a four-cham- 
bered heart, as the result of septa which anse independently in the atnum 
ventncle and bulbus, m it venous blood circulates on the nght side and 
artenal blood on the left Amphibians and reptiles have intermediate 
types, with partially separated atna and ventricles 

Important changes chiefly concerned with the elaboration of septa 
and valves, next follow, they lead to the formation of the four-chambered 
human heart These developments include (j) the partitioning of the 
common atnum into separate nght and left chambers, (2) the absorption 
of the sinus venosus into the wall of the right atnum and of the pulmonarv 
veins into the left atnum. (3) the division of the atno-ventncula^ 
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into two canals, (4) the merging of the bulbus into the prospective right 
ventricle, (5) the partitioning of the single ventricle into nght and left 
chambers, (6) the longitudinal division of the bulbus into the aorta and 
pulmonary artery, and (7) the histogenetic differentiation of the cardiac 
wall, including the development of valves Although most of these proc- 
esses go on simultaneously it is more convenient to desenbe them sepa- 
rately this will be done in the topics that follow When practically 
completed, as happens in an embryo of two months, the fetal heart has 
attained the general structural features that will charactenze it permanently 
Development of the Atna — In human cmbiyos of 6 mm a thin, sickle- 
shaped membrane grows down from the mid-dorsal wall of the atnum 
(Fig 292 A) This IS called the septum pnmum, for it grows toward the 


A B 

Fig 393 — Hum in hearts opened from the left side (after Prentiss) A, At 12 mm (X 40) B 
at three months (X 4 S) 

ventricle as a partition whose free edge soon fuses with the so called endo- 
cardial cushions, thereby obliterating the previous mteratnal communica- 
tion The two cushions are endocardial thickenings one bulges from the 
dorsal, the other from the ventral wall of the common canal which ongmally 
connected atnum with ventricle (B) By the time the septum pnmum 
amves, these thickenings have already fused midway, figure-of-eight fash- 
ion, and so divide the single canal into a nght and a left aino-veniricidar 
canal (Fig 297) It is on the merged tissue between these canals that the 
septum pnmum attaches (Fig 293 A) Meanwhile the septum pnmum 
has thinned and become perforate in a previously intact region, thereby 
forming secondanly the foramen male I (Fig 292 B) So it is, that (except 
for this foramen) there is already at the end of the sixth week (12 mm ) a 
separate nght and left atnal chamber, each connects through its respective 
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atno-ventncular canal with the nght or left ventncle, also incompletely 
partitioned at this time 

In the seventh week the septum scctmdum makes an appearance just 
at the nght of the septum pnmum (Fig 292 B) Its ongin is somewhat 
obscure but seems to be related to the left sinus valve and the fused region 
of the two endocardial cushions'^ The septum secundum is incomplete, 
its prominent foramen being known as the foraimii o^alc II (Fig 293) 
The growth of these two partial atnal septa proceeds in such a manner 
that the mam expanse of the septum pnmum overlaps the foramen ovale 
II , it serves as a flap-like valve which permits blood to pass from the nght 



to the left atnum, but not in the reverse direction (Figs 294 and 295), 
this condition maintains until after birth when the two combine as the 
permanent atnal septum, as will be desenbed on p 329 

Fate of the Sums Veiiasus — In embryos of about seven weeks the 
supenor vena cava has been formed to return blood from the head end of 
the embiyo, and the infenor vena cava to serve similarly for lower levels 
of the bodj Both vessels drain into the nght horn of the sinus venosus 
(Fig 296 4 ) In embrjos of six to eightiweeks the atna increase rapidly 
m size and the nght horn of the sinus venosus, relatively laggard m growth, 
IS taken up into the w all of the nght atnum By this absorption the supenor 
vena cava of necessitj drams directly into the cephalic wall of the atrium. 
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into two canals, (4) the merging of the bulbus into the prospective right 
ventncle, (5) the partitioning of the single ventricle into nght and left 
chambers, (6) the longitudinal division of the bulbus into the aorta and 
pulmonary artery, and (7) the histogenetic differentiation of the cardiac 
wall, including the development of valves Although most of these proc- 
esses go on simultaneously it is more convenient to descnbe them sepa- 
rately, this will be done in the topics that follow When practically 
completed, as happens in an embryo of two months, the fetal heart has 
attained the general structural features that will characterize it permanently 
Development of the Atna — In human embryos of 6 mm a thm, sickle- 
shaped membrane grows down from the mid-dorsal wall of the atnum 
(Fig 292 A) This is called the septum prtmum, for it grows toward the 



Fig 293 — Human hearts opened from the left side (after Prentiss) A At 12 mm (X 40) B, 
at three months (X 4 s) 

ventricle as a partition whose free edge soon fuses with the so-called endo‘ 
cardial cushions, thereby obliterating the previous interatrial communica- 
tion The two cushions are endocardial thickenings, one bulges from the 
dorsal, the other from the ventral wall of the common canal which originally 
connected atnum with ventncle ( 5 ) By the time the septiun pnmum 
amves, these thickenings have already fused midway, figure-of-eight fash- 
ion, and so divide the single canal into a nght and a left atno-ventncular 
canal (Fig 297) It is on the merged tissue betv,een these canals that the 
septum pnmum attaches (Fig 293 A) Meanwhile the septum pnmum 
has thinned and become perforate in a previously intact region thereby 
forming secondanly the Joramen oiale 1 (Fig 292 B) So it is. that (except 
for this foramen) there is already at the end of the sixth week (12 mm ) a 
separate nght and left atnal chamber, each connect, through its respective 
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The Pulmonary Veins —The final relation of the pulmonary veins to 
the heart is the result of an absorptne process which maj be appropnately 
introduced at this time since the left atnum is thereby enlarged, the process 
and its general result are roughly comparable to the absorption of the sinus 
by the nght atnum, already desenbed In embrj os of about 6 mm , a 
single pulmonary vein drains into the caudal wall of the left atnum at the 
left of the septum pnmum (Fig 296 A) This vessel bifurcates into nght 
and left veins which in turn divide again, so that two branches evtend to 
each lung As the atnum grows, these pulmonarj vessels are progressively 
drawn into the atnal wall As a result, at first one, then two, and finally 
four pulmonary veins open into the left atnum {B) The absorbed stems 
of the veins are permanently recognizable as the smooth portion of the 



Fig 296 — Hufmn hearts m dcirsal \iew showing the absorption of the stnus venosus 
(dark stippling) and pulmonarj ' eins (pile stippling) A At 7 mm (after Bmus X 28) B m 
neivbom (X j) 


atnal wall The pnmitive atnum thereby becomes restricted to the 
definitive Icjt auricle 

Closure oj the Foramen Oiolc - — Dunng fetal life the two atnal septa 
remain separate and serve as hemipartitions Each is incomplete but each 
IS so shaped as to co\er the defect m the other (Figs 293 B and 295) A 
large volume of blood, both from the superior and the infenor vena cava 
enters the nght atnum of the fetus Consequently, when the atna are 
filling, blood passes across, by way of the foramen ovale, into the left 
atnum It is not necessary to assume, as usually is done, that when the 
atna contract to force blood into the vcntncles, the two septa are pressed 
together to prevent backflow After birth the pressure declines in the nght 
atnum This permits the two septa to he in constant apposition and to 
unite slowly into a joint atnal septum (p 357) The depression where the 
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an aortic and a pulmonary trunk (Fig 299 A~C) Pro'ciraally the two 
thickenings so pursue spinl courses that the asccuduig aorta and pulmonary 
artery slightly intertnine, the latter crossing ventral to the aorta (Fig 297 
B) Still more provimally the spiral dmsion of the bulbiis is continued 
tow ard the ventncular septum in such .1 vv ay that the base of the pulmonary 
trunk (now to the right and somewhat ventral) opens into the nght ven- 
tricle, while the base of the aorta (now Ij mg on the left and somewhat dorsal) 
opens into the left ventncle 

In addition to the longitudinal thickenings of the endocardium that 
split the bulbus lengthwise, there are two narrower thickenings (Fig 299 4 ) 
After the division of the bulbus occurs, both the aorta and the pulmonary 
artery contain one of the smaller ladgcs and a half of each of the larger 
ndges (B, C) Distally, the three plump thickenings then present in each 


Pulmonary or/^rv Aorta 



Fig 298 — Dngrams of the mammalnn he^rt to exphin the mcorpontion of the bulbus 
into the nght \entnc1e through the slower crowth 'ind itroph\ of the bulbo lentncuhr fo’d 
(ha’^ched) Stace B is older md should be dr iwn much larger than A the brohen line marks the 
former e-cteivt of the fold fmodihed after K«th) 

vessel, disappear Proximally, at the level of the aortic and pulmonary 
roots the> enlarge and hollow out on their distal surfaces {D) Each set 
of three thin-walled pockets, formed in this manner, henceforth serves as 
semilunar i.aLcs (Fig 294) 

Differentiation of the Heart Wall — An identical type of tissue differ- 
entiation and organization occurs throughout the whole heart, but it attains 
Its highest expression in the ventricles w'hich become thick and highly tra- 
beculate The internal endothelial tube of the primitive heart continues 
as the pnncipal constituent of the endocardium The investing folds of 
splanchnic mesoderm transform into both the massive myocardium, w'lth 
Its specialized type of muscle, and the serous coat known as the epicardium 

At first the endothelial cardiac tube is widely separated from the thick, 
outer coat, not yet differentiated beyond the stage of a common epi-myo- 
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Single layer of septum pnmiim covers the defect in the septum secundum 
IS the fossa ooalis, the nm of septum-secundum tissue bounding the fossa 
IS the li^ubus o<.ahs 

Development of the Ventricles — At the end of the fourth week (5 mm ) 
a median partition projects inward from the base of the common ventricle 
to the \entral endocardial cushion (Fig 297 A) This ^cutncular seplnm 
IS brought into existence bj the enlirgcmcnt of the future halves of the 
ventncle on each side of it, and increases, in height proportionately as the 
vcntncular sacs grow deeper For a short time the septum makes an in- 
complete partition which partially divides the ventricle into nght and left 
chambers, throughout this stage the communication between the two 
ventricles is known as the tfitentulnatlar foramen (B) This foramen m 
embryos of nearly seven weeks is bounded by (i) the ventricular septum, 
(2) the proximal bulbar septum, continued downward from the longitudi- 
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Fir 297 — Subdivision of the bulbus atno venlncular canal and common ventncle sho'svn in 
sohtmatic ventral views (after Kollmann) /I, At 5 mm B at 8 mm 


nally dividing bulbus , and (3) the fused portion of the endocardial cushions 
A dav or two later the foramen is being closed by tissue prohfemted from 
the endocardial cushions ” The resulting thin membrane, which completes 
the partition, it. the sepiwn vKutbranaccitm 

In the descnption of the external development of the heart, mention 
was made of the incorporation of the proxmial part of the bulbus into the 
ventncle This absorption occure through the laggard growth (and, per- 
haps, atrophy)’® of the bulbo-ventncular fold (Fig 298) As a result, the 
bulbus loses its separate identity and the cavities of the bulbar and adjoining 
ventncular segments are merged into what is thereafter known as the nght 
ventncle 

Origin of the Aorta and Pulmonary Artery —Also m embry os of 5 mm 
there anse in the aortic bulb two prominent longitudinal thickenings of the 
endocardial lining (Fig 297 A) ‘® These ndges meet and fuse thereby 
creating a septum which divides the unabsorbed portion of the bulbus mto 
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in IS mm embrjos, but this is increased to 130 to 145 o'der fetuses The 
pulse of the femak is faster than that of the male 

The surface of the onginal epi-myocardial coat flattens into mesothe- 
hum, combined with a substratum of connective tissue it constitutes the 
cpJcardiMn (Fig 300 B) 

Cardtac Varies —The blood js kept in its proper course through the 
heart by means o! valves ^\h^ch prevent backflov, A previovis paragraph 
(p 328) has desenbed hov. the nght valve of the sinus venosus adapts itself 
as the tohf? 0/ the in/trior icna ca>.a and of the coronary sinus 

An important valve occurs on each side between the respective atnal 
and ventricular chambers Thetr development is bound up with that of 
the endocardial cushions (p 326) which by fusion, figure-of-eight fashion, 
convert the single atno-ventncular canal into tw’o canals (Fig 297) Ele- 


cardtum 

A 

B 


^fyO’ 

eardium 



Fic joo—DiiTcrentntion of the human ventncular nail and the atno %entnculTr \ ihes 
A B Verttci! sections at 3 mm (X 115) ana 7 mm (X SS)v respectwclj C D, Diagram 
matic iongftudinal sec tions {after Gegenbauer) 


vated folds of the endocardium appear at the margins of these canals, and 
each set of thickenings becomes both invaded by muscle and attached to 
the muscular trabecula of the vcntncular wall Three such flaps, or val- 
vular cusps, are formed about the nght atno-ventncular canal, tw o around 
the left The size of the pnmitive cusps is presently increased by an under- 
mining process in which the attached muscular cords beneath, become less 
numerous and more widely spaced (Fig 300 C, D) Degeneration ensues 
both m the muscle tissue of the valves and in that of the subjacent muscular 
cords As a result the valvular cu^ps turn fibrous and connect with chorda: 
tnidmcac similarly transformed from the muscular cords, the latter, in turn, 
continue into unaffected papillary inuscks Thus there are developed the 
three cusps of the tricuspid ^ahe between the nght chambers of the heart, 
and the two flaps of the 6icHipid (mitraO lohc between the left chambers 
(Fig 203 B) 
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cardium The intervening space is filled with a fluid jelly which later is 
invaded by cells and comes to resemble mucous tissue (Fig 300 the 
space IS finally reduced as the jelly transforms into the connective tissue 
of the endocardium (B) The endocardial cushions and the bulbar thick- 
enings are prominent because of a retention and exaggeration of this other- 
wise temporary condition 

The myocardial coat differentiates into a thin, cortical layer of dense 
muscle and a thick, spongy layer whose loosely arranged trabeculae project 
into the heart cavity (Fig 300 5 , C) As the muscular trabeculae increase, 
the onginally simple sac of endocardium dips into their interspaces and 
wraps around them Before long there is a condensation of the spongy 
myocardial tissue, and especially is this marked at the penphery As a 
result, the superficial muscle becomes increasingly compact, whereas the 
trabeculae nearer the lumen retain an open arrangement for a longer penod 
(D) Such a condition is permanent for lower vertebrates, but in mammals 



Pig 299 — Subdnisjon of the human butbus and the ongin of the semilunar valves A-C 
Transverse sections at five to seven necks (X 27) D Longitudinal section at seven iveeks 
(X 45) 


the entire cardiac wall finally becomes compact The irregular muscle 
bundles that persist next the ventricular cavities make up the trabecula: 
carnccB The musculature of the ventricles is far better developed than 
that of the atna However, the thicker wall of the left ventricle is largely 
acquired after birth as the result of harder work performed 

The myocardium, at first continuous throughout the whole heart, be- 
comes divided by connective tissue at the atno-ventncular canal and leaves 
only a small bndge there This connecting strand of modified muscle 
(continued from the sino-atnal node in the sinus venosus) is located behind 
the dorsal endocardial cushion It is called the atno-ventncular bundle (of 
His) The first heart beats are spasmodic twitchings that soon gain in force 
and regulanty By analogy with other vertebrates it is supposed that the 
human heart begins to set the blood m motion during the fourth week when 
the embryo has 7 to 17 somites At that time the rhythmic contractions 
are purely muscular phenomena, smee the nerves first invade the heart 
several weeks later The rate of the heart beat is 65 pulsations a minute 
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fects IS a persistence of the foramen osale. due to mipropcr fusion of the septum primum and 
(D) Incomplete closure occurs in ncarlj one out of four indii iduals m spite ol 
.h,rh.gh percentnp , actual mingling of the blood or incona cnienco to the mdiMdiial is 
unusual because either the interatml communication is smalt or the oaerlapping sept 
folds are pressed together dimng atnal contraction, thus seraing as an eflectii.c talie In a 
small number of cases the passage of impure blood into the left ^ tiiim is ^ P" ' 

duce a purplish hue in the child, uhich is Inoun popularh as a Hue buln 1 his condition 
mas petaist into adult life, hut nhen acts setere it sometimes leads to carlj de ith 



Fic 302 — Anomilits of tlie huimn henrt A, Cctopn of 
1 heart which also shows a bifid \cntncle more cnudid the 
thoraco abdominil w ill is poorly do ctl b\ a membnnous 1 »\ or 
B Dextrocardia unaccompanied by tnnsposilion of cither its 
great vessels or the lungs C Incomplete ventncuUr septum 
the oval defect 1\ ing just below the three cusped scmilumr \ “iKc 
D Persistent foramen o\ ale combintd witln multiph i>crforate 
valve 

\ alvular anomalies occur m both atno venlncular und 
semilunar valves Such variations may involve cither the 
size or the number of cusps the latter condition is caused 
b> an atjpical duision of the bulbus or from irreguhntics 



in the arrangement, division and fusion of the pad like pnmordia about the primitive 


atno ventncular canal 


DEVELOPMENT OF THE ARTERIES 


Touard the end of the fourth neek (5 mm ) the pnmitively paired set 
of arteries is giving nay to the partly unpaired system that charactenzes 
later stages The dorsal aortae combine into a common trunk, the descend- 
ing aorta, uhich bears dorsal, lateral and ventral branches It terminates 
in the so-called middle sacral artery, uhose dorsal position as an apparent 
aortic branch is the result of secondary shifting through grouth Except 
at the earliest stage, nhen dorsal and ventral aortic vessels connect by a 
single arch, there is little in a human embryo that can definitely be called 
ventral aorta: almost from the start the bulbus of the heart continues into 
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The Pericardium — The parietal layer of the pencardium (somatic 
mesoderm) and the visceral (or cpicardial) layer (splanchnic mesoderm) are 
onginally in broad continuity through the presence of a dorsal mcsocardium 
(Figs 287 C and 288 B) Since this mesentery disappears promptly and 
the vcntnl mcsocardium is lacking from the first, it soon happens that the 
onl> region of continmtj is then at the two ends where veins enter and 
arteries leave (Fig 301 A) Flcvion of the tubular heart bnngs these ends 
close together, so that the regions of continuity arc separated from each 
other only b> a space, the transocrsi sinus of the pencardium (Z?) 
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Fig 301 — DiaRnmb of the ch ;nt.inR relations of the h«rt and pencardium (after IJraus) A 
At period of carl> flexion B at defimtivc stage 


SUMMARY OF CERTAIN RELATIONS IN CARDIAC DEVELOPMENT 
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Anomalies — Among the rare anomalies of the heart is a tendencj toward doubling due 
to incomplete fusion of the paired pnmordia Also rare is ectopia eordts which is charac 
tenzed by the heart protruding through a fissure m the ventral thoracic wall (Fig 302 A) 
its mode of ongin ib obscure Dextrocardia represents a condition of transposition by which 
the heart and its vessels are reversed in position (.8) it is usual!) assonated with general 
inversion of the viscera (p 242 Fig 206 R) The aorta and pulmonary arter) may also be 
transposed in the absence of dextrocardia m this instance they connect n ith the wrong 
ventricles and impure blood fails to be oxjgenated 

An incomplete ventricular septum is a rommon anomaly which usually rests upon faulty 
development of the septum membranaceum (Fig 302 C) Most common of all cardiac de- 
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mainly occupies the fifth to seventh weeks The characteristic changes of 
this region are brought about by the loss or interruption of some arches and 
portions of the aortal, correlated with a reduction or stagnation of the blood 
flow, and by the enlargement of certain vessels and the new formation of 
others 

The first and second pairs of aortic arches drop out early (Fig 303 B) 
and are replaced, respectively, bj new mandibular and stapedial vessels 
which do not connect with the aortic sac The dorsal aortx at the level of 
these arches persist, but between the third and fourth arches both vessels 
atrophy (Fig 305 id) The outcome on each side is a continuous vessel, 
beginning with the third arch and continued by way of the dorsil aorta to 
the head region These vessels are the primitive internal carotid arteries, 
which not only branch in the head to supply the brain, eyes and ears 
but also connect with the basilar artery in a w ly to be described later 



Fic ^04 — Reconstruotjons of the hurmn nortjc 'trchcs mtl phirynpeil pouches, \ leased from 
the /eft side (after a indfer) X 38 A At 3-5 mm (composite) B, at 9 mm 


(p 340) The external carotid artenes arc new, direct outgrowths of the 
aortic sac which move their bases up onto the third arches and for a time 
supply merely the territory of the first and second branchial arches Hence- 
forth the common stem of the third aortic arch, proximal to the origin of 
the external carotid is known as the common carotid 

Both fourth arches persist, but their histones differ (Fig 305 A) On 
the left side the arch is commonly said to represent the permanent arch of 
tin aorta This is m large measure true, but to the pnmitive arch is added 
proximally the left half of the aortic sac and distally that segment of the 
left dorsal aorta next caudad On the right side the nght half of the aortic 
sac elongates into the innominate artery, which then serves as the mam 
stem for both the common carotid and subclavian vessels of that side The 
nght siibclaman itself begins with the nght fourth arch and then continues 
caudad to include practically all of the nght dorsal aorta down to the level 
of union with its mate, the continuation of the rght subclavian into the 
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an enlargement which has received the name aortic sac (Fig 30^ B) From 
this sac the several aortic arches radiate and curve upward around the 
pharynx to reach the dorsal aort<L 

The chief changes leading toward the definitive artcnal system include 
(i) the transformation of the aortic arches, (2) the specialization of certain 
branches of the aorta , and (3) the development of arteries m the extremities 

Transformation of the Aortic Arches — The aortic arches of the human 
embryo ha\e great significance when viewed comparatively Five or more 
pairs of arches are provided in connection with the functional gills of fishes, 
and either three or four pairs serve the same purpose m tailed amphibia 
In higher vertebrates there is both a rctluction in number and an cxtensiv e 
transformation into vessels more appropriate to air-brcathing animals 




Fig 303 — Aortic arches of human crnbr>os A At 4 mm vnevied from the nght side (His 
X 20) B, At 5 mm , in \entral \iew (after Congdon X 25) 


Some reptiles retain two pairs of arches while tailless amphibia have a com- 
plete, single arch on each side, of the remaining vertebrate groups, birds 
use the right half of the fourth pair and mammals the left half as the sole 
typical arch 

In the embryos of man and other mammals six pairs of aortic arches 
develop, but all are not present at any one time Figures 303 A and 304 A 
are inaccurate in this respect This total includes a rudimentary and 
inconstant pair (number five of the senes) whose status as true arches has 
not escaped challenge (Fig 304 B) ” It is largely for this reason that 
some prefer to call the arch which follows the suppositious fifth, not the 
sixth arch but merely the pulmonary arch smee its history is bound up with 
the formation of artenes to the lungs The penod of development of the 
aortic arches extends throughout the fourth week, and their transformation 
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mamlj occupies the fifth to seventh «eehs The characteristic changes of 
this region arc brought about bj the loss or interruption of some arches and 
portions of the aortre, correlated with a reduction or stagnation of the blood 
flov. , and by the enlargement of certain vessels and the neu formation of 
Others 

The first and second pairs of aortic arches drop out early (Fig 303 B) 
and are replaced respectively, by nen' mandibular and stapedial vessels 
^^h^ch do not connect v.ith the aortic sac The dorsal aortre at the level of 
these arches persist, but between the third and fourth arches both vessels 
atrophy (Fig 305 A) The outcome on each side is a continuous \essel, 
beginning with the third arch and continued by way of the dorsal aorta to 
the head region Ihesc \csscls are the primitive viUnial carotid artenes, 
which not only branch in the head to supply the brain, eyes and ears 
but also connect with the basilar artery in a way to be described later 



Fio 304 — Reconstructions of the humnn aortic arches "ind pharjngcal pouches, \ie^%ed from 
the left side (alter TamUcr) X 3S <t At j-s mm (composite) S, at 9 mm 


(p 340) The external carotid arteries are new, direct outgrowths of the 
aortic sac which move their bases up onto the third arches and for a time 
supply merely the terntory of the first and second branchial arches Hence- 
forth the common stem of the third aortic arch, proximal to the origin of 
the externdl carotid is known as the common carotid 


Both fourth arches persist, but their histones differ (Fig 305 /I) On 
the left side the arch is commonly said to represent the permanent arch of 
the aorta This is in large measure true, but to the primitive arch is added 
proximally the kft half of the aortic sac and distally that segment of the 
eft dorsal aorta next caudad On the right side the nght half of the aortic 
sac elongates into the innominate artery, which then serves as the mam 
stem for both the common carotid and subclavian v essels of that side The 
ng t subclauan itself begins with the right fourth arch and then continues 
cau ad to include practically all of the right dorsal aorta down to the level 
o union With its mate, the continuation of the nght subclavian into the 
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arm bud is a branch off the primitive aorta, and this part alone correspond* 
to the entire subclavian on the left 

Ihe so called fifth aortic arches have been mentioned The> arc m 
constant, incomplete and transitory Shortly after the 7 mm stage thc> 
disappear without trace 

The pulmonary (sixth) arches come into being when a sprout from each 
dorsal aorta bridges across to the pnmitivc pulmonary artertes which are 
already growing caudad from the aortic sac to the lung buds (Fig 305 B) 
The distal portion of each pulmonary vessel, so tapped, then appears as a 
mere offshoot set at nght angles to the composite arch, the latter soon 
shows no sign of its double nature (C) On the right side the pulmonary 



tertebral. 
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Fig 305 — Ttan&formaUon o[ the human aortic arches A Scheme, in ventral iien. , unth 
all vessels spread to the same plane B, C, Development of the pulmonary arch at 5 mm 
(X 20) and II mm (X 17), respectively (adapted after Congdon) 


arch loses connection with the nght dorsal aorta, but on the left the corre- 
sponding distal segment remains as an important channel (the dticins arte- 
riosus of Botallo) until birth (Figs 305 A, C and 306) 

Meanwhile when the arches are transforming, the aortic sac and the 
pnmitive bulbus have been splitting into lortic and pulmonary stems This 
division proceeds in such a manner that the aortic trunk is continuous with 
the third and fourth arches, while the pulmonary trunk opens into the left 
sixth arch (Fig 305 C) The final relations of the heart, aorta and aortic- 
arch dematives result from ‘^o-called caudal displacements and readjust- 
ments Nevertheless, any ‘caudal migration’ is relative rather than actual 
It IS due to a failure to keep pace with the growth cephalad of adjacent 
structures like the neural tube and pharynx The innominate and common 


DEVELOPME^T OP THE ARTERIES 


339 


carotid artenes elongate in step nith this upward growth (and the appear- 
ance of a neck), while the left subclatian shifts considerablj higher on the 
permanent aortic arch (Fig 306) 

The different courses of the recurrent lar>ngeal neracs find an expla- 
nation in vanoiis facts alre idy cited TTic pnmitiv e vagus nerves give off 
branches which reach the larjnx directly b> passing caudal to the sixth 
aortic arches, but when the arches are left behind m the growth cephalad, 
both nerves become looped around them As a result of the arch-transfor- 
mations the left recurrent nerve remains hooked around the ligamentum 
artenosum, while the right nerve, released b> the degeneration of the fifth 
and sivth arches on that side, bears a similar looped relation to the right 
subclavian (r/ Figs 306 and 444) 



A, At 17 mm , B it birtli 

Branches of the Dorsal Aorta • — Prc\ lous to the fusion of the dorsal 
aortje dunng the fourth inccV, each \esscl bears dorsal, lateral and \entrnl 
branches These are repeated senally and each set is arranged in a longi- 
tudinal row (cf Fig 285) After aortic fusion has occurred, the relations 
are as shown in Fig 307 It is with the transformation of these paired 
artenes into more specialized vessels that the following paragraphs deal, 
the penod involved is mainly that of the fifth to seventh w eeks of tmbr\ onic 
life 

1 The dorsal braiicJics total some thirty pairs Since they are regu- 
larly arranged between successive body segments, it is appropnate to desig- 
nate them as intersegmental rather than segmental vessels 1 he dorsal 
branches suppl} pnnianly the spinal cord, but this is soon overshadowed 
by a later distnbution to the body wall so that the. onginal arteries appear 
as minor offshoots In accomplishing this reversal of importance the pri- 
mary vessel comes to look deceptively like a mere dorsal ramus, whereas it 
IS m fact the larger, ventral ramus that is sccondanly developed (Fig 307) 
rom the dorsal rami of the dorsal intersegmentals are giv en off neural 
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carotids at the base of the brain produce the ctrculus arteriosus of 'iVillis 

(Fip roS B) „ 

The neutral rami of the dorsal intersegmental artenes become especially 
prominent in the thoracic and lumbar body ivall where they persist as the 
senally arranged intercostal and lumbar arteries (Fig 300 A, C) Longi- 
tudinal ventral anastomoses between the tips of these rami (Fig 307) com- 




'Jnt mammary 



Tic 309 — Denvatues of the human dorsal intersegmental arteries A, Diagram, viewed 
from the left side B Scheme in \entral view, expltiningongins in the \icmitj of the subclavian 
artery C Ongm and relations of the internal mammary and epigastric artenes, at l6 mm , 
viewed from the left side (after Mall) 


plete a vascular chain known as the internal mammary and the superior and 
inferior epigastncs (Fig 309 A, C) The root of the internal mammary 
and the important siihdaoian (all of the left and the tip of the nght) repre- 
sent the enlarged mam stem and ventral ramus of the sixth cervical in this 
dorsal senes (Fig 309) Also connected with the subclavian are the ihyro- 
ceracal and costo-cinical trunks The former comes from longitudinal pre- 
costal anastomoses (t c , ventral to the nbs) of more cephalic ventral rami 
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whose stems drop out (Fig “^07) The costo cervical trunk anses in a 
similar fashion from the three ventral rami ne\t caudal to the subclavian, 
but the distal segments of the second and third vessels survive as intercostal 
artenes (Fig 309 A, 1^) 

2 The lateral branches of the descending aorta are not arranged seg 
mentally (Fig 307) They supply structures ansing from the nephrotome 
region (mesonephros, sex glands, metanephros and suprarenal glands) 
iFig 310) The onginal number is reduced, and from them emerge the 
rcKal,”* sK^JrarcJiai, injcrior phrenic, and tnlcrual spcrntaltc or OLortau arteries 

3 The vcntral branches are imperfectly segmental Primitively they 
constitute the paired vitelline arteries to the yolk sac (Fig 284) As the 
dorsal aorta: combine, single ventral vessels appear — apparently b> fusion 
(Fig 307) The total number persisting is progressively reduced until, at 
8 mm , they occur at three levels onl> These three vessels, remaining, 



tsG 310 — I ateral brinches of the human norti at se\en necks in \entral \iew (after Felix) 
X 20 

pass by way of the mesentery to the gut, they are converted into the caltac 
artery of the stomach-pancreas region, the superior mesenteric of the small- 
intestine region, and the inferior mesenteric of the large-intesUne region, 
(Fig 311 A, C) 

Another set ot ventral branches is established in very >oung embryos 
as the artenes that accompany the allantois and continue through the bod> 
stalk into the chonon They are known as umbilical artenes (Fig 283) 
By the end of the fourth week the umbilical artenes acquire secondary 
lateral connections with the aorta (Fig 311 /I), and the earlier ventral 
stem promptly disappears The new replacing stem (from the aorta to 
the level of the external iliac which buds from this new trunk) becomes the 
common thac (B) The remainder of the onpmal umbilical trunk (located 
distad, but annexed by the replaang stem) makes up the hypogastric artery 
(O When the placental circulation ceases at birth, the distal portions of 
both hypogastnc artenes from bladder to umbilicus, collapse, they revert 


DE\ELOPMENT OF THE ARTERIES 


343 


to the solid cords which persist as the lateral umbilical ligaments of adult 

anatomj (Fig 324) , , , , , t .u 

All the \entral aortic \essels undergo caudal displacement from the 
levels uhere thej first appear, in this descent the cceliac Avanders 13 seg- 
ments the supenor mesenteric 1 1 and the inferior mesentenc 3 To explain 
this migration tvo viei\s have been advanced one emphasizes the attach- 
ment to new, caudal roots and the simultaneous atrophv of old, higher 
roots. - the other refers the cause to the unequal growth of the dorsal and 
ventral walls of the aorta 


A or la 

Primtliie umb root 
External tltac 
-Il^pogaslrtc 



Fic 311 — Denv-Uncs of the \entnl bnnehes of the human norta /I, C At 5 mm (X 23) 
and 9 mm (X 12) respectueh viewed from the nght side (after Tandler) B Lower aorta at 
5 mm , m ventril view, showing the replacement of the umbilical root b> the common ili ic 


The Glomus Coccygcitm — The coccygeal body is an arteno-venous anas- 
tomosis developed in connection with the midsacral arterj Appeanng in 
the third month, it becomes a channelled mass whose polj hedral cells are in- 
terpreted as highly modified, smooth-muscle elements*' or as postembr> onal 
angioblasts 

Arteries of the Extremities — Several lateral aortic branches grow into 
the earl> limb bud These unite there in a capillary plexus to constitute 
the earliest vessels of the limbs (Fig 321) 

\rm —In human embryos of s mm , only one artenal stem remains 
This has joined the primitive subclavian artery and now appears as a direct 
extension from it (Fig 321) The expansion into the future free arm is 
plexiform at first, but later a single axis is selected which differentiates sue- 
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cessively into the brachtal artery of the upper arm and the viterossetis 
artery of the forearm and hand (Fig 312 A) The median artery soon 
branches off the brachial and annexes the vessels of the hand (A, B) 
Following this, first the ulnar (B) and then the radial (O ansc as brachial 
branches They become the most prominent vessels of the forearm and 
take over the vessels of the hand (Z>) Before the end of the second month 
these rearrangements are complete (E) 

Leg — A branch known as the axial, or sciatic artery is given off from 
the umbilical (future hypogastric) artery, and in embiyos of 9 mm it is 
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Fig 313 —Development of the artcnci of the humnn arm 
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Fic 313 — Development of the artenes of the human leg 


the chief artenal stem of the lower extremity (Fig 313 A) A little later 
the sciatic is being superseded by the Janoral which is a continuation of the 
external iliac {A, B) , the latter vessel, as a secondary branch, buds off from 
a replacing stem of the umbilical, the latter thereafter to be called the 
common iliac (Fig 3 1 1 B) The femoral artery annexes the sciatic and its 
branches distal to the middle of the thigh (Fig 313 C) The saatic then 
persists proximally only as the inferior gluteal artery, its original distal 
course is marked by the popliteal and peroneal vessels (£>) The anterior 
itbtal artery is a branch from the pophteal (C) The posterior Ubtal arises 
by union of the lower femoral with the popliteal (C) These two tibial 
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vessels take over the artenes of the foot (V) All these alterations are 
completed in the third month 

Anomalies —\noraalous blood vessels are of common occurrence Thej ma\ be due 
(i) to the choice of unusual paths m the primitive \ iscuhr plexuses, (2) to the persistence 
of vessels normally obliterated (3) to the disappearance of vessels normalh retained (4) 
to incomplete development md (5) to fusions and absorptions of parts usualK distinct 

Outstanding anomalies specific to artenes include the follovving The aorta and pul- 
monary artery are transposed in position when the spiral septum which divides the bulbus 
proceeds in the reverse direction from normal (cf Pig 297 B) The aortic arch maj turn 
to the nght (Pig 206 5 ), as m birds, or be duplicated as is normal for reptiles (Pig 314 
A) Persistence of a patent ductus artenosus mav produce a ‘blue bab> ’ Vanations in 
the ongins, positions and relations of the carotids, subchvmns and vertebrals are com- 
mon {B, C) some combinations aUpical for man occur rcgularlv m lower mammals all 
result from the vanable selection of definitive vessels from the pnmitive aortic-arch pattern 
The onginally paired dorsal aortx ma> fuse imperfcctlj and so produce more or les:> of a 
double aorta \ anations m the number and relations of the renal artenes arc frequent 



Fig 314 — Anomalies of the human aortic archer m vcfntral view /J , Double arch 5 , Anom- 
alous nght subclav lan C Diagram, at an earlier stage, explaining B 


DEVELOPMENT OF THE VEINS 

Three systems of paired veins are present in embrjos with 20 somites 
and about 3 mm long (Fig 286 A) {i) the umbilical utns irom the chonon, 
(2) the citclhnc veins from the yolk sac, and (3) the cardinal veins from the 
body of the embiy o itself The latter are really in two sets the precardinals 
which dram blood from the head region, and the postcardinals which return 
blood from levels caudal to the heart, both pairs unite at the heart into 
short common cardinal veins (ducts of Cuvner) At this stage it thus happens 
that three venous stems open into the nght horn of the sinus venosus and 
three into the left Somewhat later two other pairs of veins, the sub- 
cardinals and the supracardinals, successively replace and supplement the 
postcardinals 

The subsequent history of venous development is a recital of the changes 
that these pnmitive sjmmetncal vessels undergo Such alterations are 
more extensive than those occurring among artenes The factors respon- 
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cessively into the brachtal artery of the upper arm and the mtcrosscns 
artery of the forearm and hand (Fig 312 A) The median artery soon 
branches off the brachial and annexes the vessels of the hand (/I, D) 
Following this, first the ulnar {B) and then the radial (Q ansc as brachial 
branches They become the most prominent vessels of the forearm and 
take over the vessels of the hand {D) Before the end of the second month 
these rearrangements are complete (£) 

Leg — A branch known as the axial, or sciatic artery is given off from 
the umbilical (future hypogastnc) artery, and in embryos of 9 mm it is 



Fic 312 —Development of the irtencs of the human arm 



Fig 313 — Development of the artenes of the humm leg 

the chief artenal stem of the lower extremity (Fig 313 A) A little later 
the sciatic is being superseded by the/eiiiora/ which is a continuation of the 
external iliac {A, B) , the latter vessel, as a secondary branch buds off from 
a replacing stem of the umbilical, the latter thereafter to be called the 
common iliac (Fig 311 The femoral artery annexes the sciatic and its 
branches distal to the middle of the thigh (Fig 313 C) The sciatic then 
persists proximally only as the inferior gluteal artery, its onginal, distal 
course is marked by the popliteal and peroneal vessels (D) The anterior 
iibial artery is a branch from the popht^ (C) The posterior iibtal arises 
by union of the lower femoral with the popliteal (C) These two tibial 
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horn of the sinus venosus (Figs 315 and 316 A-C) In anticipation of 
descnptions to follov- it can be stated here that the distal portions are con- 
\erted into the portal vein, the intermediate sinusoids inostl> remain as 
such but in part expand into the ductus \cnosus, nhile the nght proximal 
stem represents the hepatic vein (D) 

The early s^mmetncal relations, still essentiallj present in Fig A, 
are promptly disturbed by further changes that lead quickly to the final 
arrangement of \essels Even at the 5 mm stage the distal segments of 




L stnal horn 



Fig 316 — Transformation of the htnnan Mtelline an<l umbilical \ eins m the region of the in er 
seen in ventral vie>\ (adapted) /I At 4 5 mm E, at 5 mm C at 6 mm Z> at q mm 


the paired vitelline veins communicate by three cross anastomoses {A, B) 
There are u) a cranial connection in the liver (and, necessanl> , ventral to 
the duodenum) , (2) a middle bridge, dorsal to the duodenum and (3) a 
caudal anastomosis, ventral to the duodenum In this manner, tu o v enous 
nngs are created through v-htch the gut weaves The left limb of the cranial 
nng and the nght hmb of the caudal nng next atrophy and disappear, 
'Anastomosis have any permanent representative 
{C V) Ihe portal surviving these changes, is a composite, S-shaped 
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sible for the final, poorly bilateral venous plan arc (i) shifts of position and 
direction (2) anastomoses, (3) local transformations and readjustments, 
(4) loss by atrophy, and (5) secondary replacements 

Transformation of the ViteUine Veins — The developing liver exerts a 
profound influence in modifying the primitive vitelhnc and umbilical veins 
The paired vitelline vessels follon the yolk stalk into the body 1 hey then 
turn ctphalad. continue alongside the short fore gut to the septum trans- 
versum and enter the sinus venosus (Fig 303 . 4 ) Also into the septum 



Fk 315 — Veins in the vicinilv of the heart, in ventral view (His) At 3 tnm , B, at 4 mm 


transversum grows the liver bud, already proliferating into cords It will 
be remembered that there is a mutual intergrowth between hepatic cords 
and vitelline endothelium (Fig 192) As a result, the vitelhne vessels at 
the level of the liver resolve dunng the fourth week into networks of sinus- 
oids that are incorporated into the expanding nght and left hepatic lobes 
(Fig 315) 

Each vein, thus interrupted bv a sinusoidal labyrinth, is effectively 
divided into a distal segment which follows the gut from 3 oik sac to hver, 
and a short, proximal segment, which returns blood to the corresponding 
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hom of the sinus venosus (Figs 315 and 316 A-C) In anticipation of 
descnptions to follo^v it can be stated here that the distal portions are con- 
verted into the portal vein, the intermediate sinusoids mostly remain as 
such but in part expand into the ductus venosus. ^\hlIc the nght proximal 
stem represents the hepatic vein (/>) 

The early s>mmetncal relations, still essentially present in Fig 316 A, 
are promptly disturbed by» further changes that lead quickly to the final 
arrangement of vessels Even at the 5 mm stage the distal segments of 
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^Sup mesenlertc 
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—Transformation of the humin vitelline and umbilical veins in the region of the liver 
n ventral view (adnpted) /I, At 4 5 mm B, at 5 mm C, 'll 6 mm D it 9 mm 


paired vitelline veins communicate by three cross anastomoses (yl, B) 
There are (i) a cranial connection in the liver (and, necessanly, ventral to 
the duodenum), (2) a middle bridge, dorsal to the duodenum, and (3) a 
cau al anastomosis, ventral to the duodenum In this manner, tno venous 
nngs are created through which the gut weaves The left limb of the cranial 
nng and the nght limb of the caudal nng next atrophy, and disappear, 
caudal anastomosis have any permanent representative 
» ) The portal vein, surviving these changes, is a composite, S-shaped 
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Fig 315 — Veins in the sicimtv o£ the heart m >eatntl view (His) A, At 3 ma B at 4 mm 

transversum grows the liver bud, alreadj proliferating into cords It will 
be remembered that there is a mutual intergrowth between hepatic cords 
and vitelline endothelium (Fig 192) As a result, the vitelline vessels at 
the level of the liver resolve dunng the fourth week into networks of sinus- 
oids that are incorporated into the expanding right and left hepatic lobes 
(Fig 315) 

Each vein, thus interrupted by a sinusoidal labyrinth, is effectively 
divided into a distal segment which follows the gut from yolk sac to hver, 
and a short, proximal segment which returns blood to the corresponding 
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left umbilical vein and empties into the infenor vena cava Consequently, 
the purer blood from the placenta avoids the general system of hepatic 
sinusoids to a large evtent , yet the umbilical vein does give off branches 
to the liver and makes <in anastomotic connection with the portal vein 
(Fig 316 D) 

After birth the ductus \enosus is no longer of use However, it per- 
sists as the solid, fibrous hgamentum tcnostim Similarly the lumen of the 
left umbilical vein obliterates, and from umbilicus to liver its fibrous 
remnant constitutes the Itgamcntiim icrcs (Fig 324 A) 

Transformation of the Precardmal Veins — Each prccardinal (anterior 
cardinal) vein consists of two parts (Fig 31S /I) (1) the primary head 



C D 


Fig 318 — Transformation of the primary head \em into dural sinuses fStreeter) 4, At t>xx 
i\eeks B at eight nteks C, at eleven uecW D at birth 

van, which courses ventrolateral to the brain wall throughout all but the 
caudal end of the head, and (2) the true prccardinal, located laterally in 
the segmented portion of the head and in the neck, and emptying into the 
common cardinal vein 

The pnmary head veins drain three pairs of tributary pkvuses that 
extend dorsad over the brain tFig 318 A) Coincidentally with the 
growth of the internal ear, the segment of the head vein just ventral to it 
isappears and a new channel, connecting the middle and posterior plexuses, 
eve ops dorsal to the ear {B) The rostral portion of the head vein is 
ophthalmic vein and constitutes the cavernous sinus 
t ; The anginal stem of the middle plexus, retained as the superior 
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vessel consisting of (i) the nght limb of the craninl nng, and (2) the middle 
trans\erse anastomosis Its caudal limit is established by the union of the 
splcmc vein \vith the superior mcscntcrtc vein (D), just caudal to the trans- 
verse anastomosis Nevertheless, the superior mcscntenc is not the distal 
portion of the left vitelline, as might be supposed, but a new, replacing 
vessel arising in the dorsal mcscntcr> of the intestinal loop, it supersedes 
the vitelline veins in this region as the latter disappear with the decline of 
the yolk sac Within the liver some distal remnants of the nght and left 
vitelline veins persist (D) On the nght there is a branch, directly con- 
tinuous with the portal A left branch connects with the umbilical, but 
after that channel becomes functionless at birth, it is attached to the portal 
The proximal segments of the early vitelline veins drain blood from 
the sinusoids into the respective horns of the sinus venosus (Fig 316 A, B) 
When the nght horn soon is favored as the drainage outlet, the left vitelline 
and left horn cannot compete and both decline and disappear (C, D) The 
blood from the sinusoids on the left side is then 
rerouted across to the nght sinal horn, and a new 
drainage channel anses to take core of this tem- 
tory (C, D) ” The surviving stems of the right 
vitelline vein are the hepatic vents which subse- 
quently become tnbutanes of the later-formed 
infenor vena cava 

Transformation of the Umbilical Veins — 
Coincidental with the vitelline alterations go 
^ . certain related changes in the umbilical veins The 

veins to the human liver at . 

the time of birth X 1 primitive nght and left lobes of the liver expand 

laterally and soon come in contact with the 
umbilical veins coursing in the body wall (Fig 315) Both of the latter are 
tapped and their blood, so diverted, finds a more direct route to the heart 
by way of the hepatic sinusoids (Fig 316 A, B) When all of the umbilical 
blood enters the li\ er, as happens in embryos of 6 mm , the entire nght 
umbilical and the proximal segment of the left atrophy (C) and ‘•oon dis- 
appear (-D) At 7 mm the distal remainder of the left umbilical is already 
large, it continues to maintain itself throughout fetal life shifting to the 
midplane and occupying the free edge of the falciform ligament (Fig 317) 
As the channel of the early nght vitelline vein within the liver is larger 
than the left, the blood from the tapped left umbilical vein first takes that 
route to reach the nght horn of the sinus venosus (Fig 316 A, B) But 
with the progressive growth of the nght lobe of the liver, this pathway 
becomes increasingly circuitous A more direct course is, therefore created 
through the enlargement of a diagonal passage out of the hepatic sinusoids 
(C) This is the ducttis veitosus (D) It continues m direct line with the 
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both overlap and interweave These vessels care for the venous drainage 
from the legs, body v,r\\ and viscera (Fig 320) The first is the postcar- 
dtnals, -fthich are developed pnmanl> as the vessels of the mesonephroi {A) , 
they run dorsal to the mesonephroi and also receive tributaries from the legs 
and bod> wall Next to appear are the subcardtna/ \ eins, which he ventro- 
mesial to the mesonephros, the> connect not onlj with each other but also, 
through the mesoncphnc sinusoids, with the postcardinals (.4) Finally the 
supracardtiials make their appearance (B), the} course dorsomesial to the 
postcardinals and m a sense replace them The fates of these three vessels 
vary someivhat in different animals, depending on the size of the meso- 
nephroi and the duration of their functional activity The present account 
refers especially to man,^* although except for details it is cquall} applicable 
to animals like the pig, sheep and cat in which the activity of the meso- 
nephroi also persists over a comparatively long penod"”*^'* In man the 
transfonnations are largely accomplished during the sixth, seventh and 
eighth w ceks 

The postcardinals appear with the mesonephroi and disappear as that 
organ wanes An early anastomosis where the caudal and teg veins are 
received unites the two postcardmal trunks (^) , this connection is destined 
to persist as the longer and more oblique left common iliac vein The onl} 
permanent representatives of the postcardmal s}stcm are (Z>) (1) the root 
of the az}gos, where it joins the supenor vena cava on the right, and (2) the 
coiiiUWJt tltacs (which are later annexed by the infenor vena cava), the 
veins of the legs are tributary to them 

The subcardinals follow closely on the appearance of the postcardinals 
Their onginal cranial connections, permitting drainage into the respective 
postcardinals, are soon lost {A, S) Anastomoses with the latter veins also 
disappear, but a prominent set of connections betw een the tw o subcardinals, 
midway in their course, is destined to serve as the stem uniting the left 
renal vein to the vena cava {A-D) The onl> further subcardmal contn- 
butions to the permanent s>stem of veins are the paired suprarenal and sex 
vein>, and a segment of the vena cava formed from the nght subcardmal 
(D) 

Ihe supracardinals become broken in the region of the ladne>s (C) 
Above this level they unite by a cross anastomosis and become the azygos 
and hemiazygos vessels (D) Below the kidneys the right supracardinal 
alone is taken over as the caudalmost section of the infenor vena cava (D) 
whereas the left vein drops out without trace Some cnticisms have been 
directed against this interpretation of the relations and fate of the supra- 
cardinals, the interested reader must weigh the evidence for himself 

The hifcrxor Vetta Cam— The unpaired inferior vena cava is complex 
and requires some additional descnption Its history involves the several 
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petrosal stmts, interconnects the c'lvcmous sinus with the new dorsal channel 
( 5 ) The transverse stmts is a mam line of drainage It anses from por- 
tions of the middle and postenor plexuses that are linked by the new dorsal 
vessel, part of its extent IS the so-called sigmoid portion (B,C) The inferior 
petrosal stmts results from the re establishment of a channel along the course 
of the degenerated segment of the head vein (Q The sttpcrior sagittal 
stmts develops in the midplane from portions of the anterior plexus (B, C) 
The inferior sagittal and straight sinuses arise from a part of the plexus that 
extends downward between the cerebral hemispheres (C, D) The enor- 
mous growth of the two hemispheres is chiefly responsible for the definitive 
positions and relations of the several dural sinuses (D) 

The true precardinals begin near the base of the head and run caudad 
into the heart (Fig 319 /I) They communicate dunng the eighth week 
by an oblique cross channel which shunts blood from the left vein across 


Precardxnal 



Postcardinal 
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pio Jig — Transformation of the cardinal \cins of human embryos shoivn by diagrams m ventral 
view i4, At SIX weeks B at eight weeks C adult 
H I , Highest intercostal O V oblique vein of the left atnum 


to the nght one {B) As a result of this diversion, the stem portion of the 
left precardinal, just caudad, soon loses its communication with the common 
cardinal on the same side and survives merely as part of the highest inter- 
costal vein (C) The left common cardmal comprises most of the inconstant 
obltqiie vein of the left atrtiim (cf p 328) The nght common cardmal and 
the nght precardinal as far up as the intercardinal anastomosis, become the 
superior vena cava The anastomosis itself forms the left innominate vem, 
while the portion of the nght precardmal next cephalad (between the anas- 
tomosis and the nght subclavian vem) is known as the nght innominate 
Still more cephalad, the precardinals continue as internal jugular vems The 
external jugular and subclavian veins are both extraneous vessels that develop 
independently and attach secondarily 

Transformation of the Post-, Sub- and Supracardmal Veins — Caudal 
to the heart there appear m succession three pairs of veins, whose histones 
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changes through which blood returning from the Io\\ er body is progressively 
shifted from the left side to the nght This is accomplished by anastomoses 
between some vessels, b> the enlargement and consolidation of others, and 
b} the regression and replacement of still others The outcome is a nen, 
compound path to the heart ahich rapidly straightens and consolidates into 
what looks thereafter like a simple, homogeneous vein 

The inferior vena cava is composed, in order, of the following veins 
(r) an hepatic segment, (2) a prercnal segment, formed from the right sub- 
cardmal, (3) a renal segment, comprising an anastomosis (‘renal collar’) 
between the nght subcardinal and nght supracardmal veins, and (4) a 
postrenal segment, from the lumbar portion of the nght supracardmal vein 
(i) The hepatic segment is dcn\cd from the hepatic vein (pro\imal 
nght vitelline) and the hepatic sinusoids It connects with the nght sub- 
cardmal through a vein in the caval mesentery (Fig 320 B) The latter 
structure is a ndge which extends caudad from the attachment of the nght 
lobe of the liver to the dorsal body wall CFig 210) Capillanes invade this 
mesentery from the liver and meet and fuse with similar capillanes growing 
cephalad from the nght subcardmal (2) The prerenal segment begins at 
the junction (through the vein of the caval mesentery) of the hepatic seg- 
ment with the nght subcardmal and continues to the level of the kidneys 
(Pig 320 B) (3) The renal segment represents an important anastomosis 
that unites the nght sub- and supracardinals {B, C) (4) The postrenal 
segment is a continuation of the nght supracardmal down to the level of 
the lilacs (C, D) These latter vessels arc annexed when the degeneration 
of the postcardmaU would othenvise leave them without central connections 
Caval Tributaries — Accompanying these complex changes there emerge 
tnbutary vessels to the vena cava, some of whose origins and relations are 
correspondingly intncate As the permanent kidneys assume their final 
positions, a renal vein appears on each side and drams into the anastomosis 
developed between the sub- and supracardinals (C) Since on the nght 
this anastomosis is incorporated into the vena cava as its renal segment, 
the corresponding renal vein empties directly into the vena cava On the 
left the situation is more complicated because the pnmitive renal vein opens 
into the sub-supracardinal anastomosis which, in turn, must find its way 
to the V ena cava through the great anastomosis between the subcardmals 
For this reason the adult left renal vein is longer and more complex than 
Us mate (D) 

The two suprarenal veins likewise are not wholly homologous vessels 
The right suprarenal is a simple brand! off the subcardmal at a level where 
this \ essel becomes a part of the infenor vena cava (C, D) On the other 
hand the left suprarenal is a prerenal portion of the subcardmal itself, it 
corresponds to the nght subcardmal contribution to the mfenor vena cava 
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Amt — The radial extension of the border vein atrophies but the ulnar 
portion persists, forming at different levels the subclaiian, axillary and 
hasiltc veins The border vein onginall} opens into the dorsal wall of the 
postcirdinal, but, as the heart shifts caudad, it ultimately drains by a 
ventral connection into the precardinal (internal jugular) vein The cephalic 
vein develops secondanlj in connection with the radial border vein, later 
it anastomoses with the external jugular, but finallj opens into the axillarv' 
vein, as in the adult 

Leg — •Homologous with conditions in the arm, the tibial continuation 
of the pnmitive border v'ein disappears while the fibular part persists to 
a large degree The great saphenous v cm anses separatelj from the post- 
cardinal, gives off the femoral and posUrtor tibial v'eins, and then annexes 
the fibular border vein at the level of the knee Distal to this junction, 
the border vein develops into the aukrtor tibial and, probabl>, the small 



Fig 322 —Anomalous vtins of man A Double supenor \cni ca\a B, Accessor) post 
rmal %ena cava on left side C, Rudimentnr> prereml vena cavn and compensator) development 
of the azy gos sy stem of v essels 


saphenous, proximally, it becomes greatly reduced, forming the mjertor 
gluteal 

Pulmonary Vems — The pnmitive vessel denves from the pulmonary 
p exus (Fig 303 B) It joins the heart and its mam stems are absorbed into 
the left atnum (Fig 296) 

“ral Among the anomalous veins produced through the operation of the gen- 

'F ^ ready cited (p 345) arc found such conspicuous specimens as the following 

ven^ pJiired supenor ( 1 ) or infenor venai cavm ( 5 ), unpaired, left supenor or infenor 
into vessels serving as a mam venous pathway (C) , hemiazj gos v ein opening 

tniT,!. sinus (t e , into the pnmitive left sinal horn) , retention of the ongmal, single 

trunk of the pulmonary vein (c/ Fig 296) 

fetal circulation and the changes at birth 

the ^^'fculation Dunng fetal life oxygenated blood, returning from 
centa, enters the embryo by way of the large umbilical vein and is 
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(C, D) The prospective left suprarenal first communicates with the right 
subcardmal through the great anastomosis, but after this anastomosis be 
comes the stem of the left renal, it naturally is tributary to the latter vessel 
The spcrmaltc or oianan veins arc the remnants of the paired sub 
cardinals below the kidneys (C) The nght opens into that portion of the 
nght subcardmal that is incorporated into the infcnor vena cava The left 
early drains into the left caudal border of the great subcardmal anastomosis 
which, as alread> desenbed, becomes the stem of the left renal vein ( \~C) 
Soon secondary' roots arise from new anastomoses (C) and both sex \ems 
shift their ongms onto the sub*supracardinal anastomoses (Z?) The final 



Fig 321 — Primitive blood vessels m the left fore-limb of a 12 mm pig embryo seen m ventral 
view (Woollard) X 30 


attachments are still to the inferior vena cava and left renal vein, respec- 
tively, but to segments of different ongm than originally was the case 

The posterior intercostal and lumbar veins are at first tnbutanes of the 
postcardinals As the latter vessels degenerate, these veins connect second- 
arily with the replacing supracardinal veins Later they of necessity drain 
into the azygos veins and inferior vena cava, respectively 

Veins of the Extremities — The primitive capillary plexus of the flat- 
tened limb buds gives nse to a peripheral border vein (Fig 321) which serves 
as an early drainage channel Along the cranial margin this vein is smaller 
and mostly disappears but on the caudal margin it transforms into per- 
manent vessels The border vein appears in the arm and leg in the sixth 
and eighth weeks, respectively, the general venous plan becomes outlined 
within the next two weeks 
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phatic vessels differentiate like thm-walled veins, and at intervals develop 
valves 

Lymph Glands The earliest, or primary lymph glands appear during 
the third month as the lymph sacs begin to break down into plexuses of 
lymphatic vessels (Fig 323 A) Secondary lymph glands develop later 
along the course of the peripheral lymphatics v.hich spread from these 
centers The first stage of development is marked by a lymphatic plexus 
ivhich lies m assoaation with strands of mesenchymal tissue Continued 



pnmiU%e lymphatic system in an ernbr>o of two months (after Sabin >i 3) B-F Groirth of 
a capillary , observed in a In mg rabbit (after Clark X 90) 

proliferation and differentiation enlarge these strands into nodular ly mphoid 
masses and the vessels are crowded to the penphery where the peripheral 
sums then makes its appearance (Fig 326 A, B) About the whole a 
connective-tissue capsule condenses, while the trabecula and central sviuses 
spread inward from the lulus {B, C) ” Ordinanly it has been believed that 
the smuses of lymiph glands repress! xwamary lymphatic plexuses, but an 
alternative interpretation is that they' are independent channels in the 
lymphoid reticulum, ansing as clefts in the mesenchyme and acquiring lym- 
phatic connections secondanly ” Blood vessels, which even at an early 
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perfect closure The site of the previous aperture in the septum secundum 
IS marked peimancntlj by the depressed fomi Oi.aUs (Fig 324 A) 

When breathing begins, muscular contraction closes the ductus arte 
nosus Its anatomical obliteration is caused by the internal coat prolifer- 
ating pads of fibrous tissue into the lumen (Fig 324 C) ■*'' After one month 
It has usually become impervious, at least in part of its length 

The empty umbilical vessels contract and gradually lose their lumina 
by fibrous invasion, this extends through the first two or three months of 
postnatal life Distally the arteries obliterate into the lateral uwbiltcal 
ligaments, proximally they continue as functional hypogastric artencs (Fig 
324 A) The vein becomes cord-like and persists as the unpaired liga- 
menitim teres of the liver The ductus venosus likewise atropines, within 
two months it transforms into the fibrous Ugameutum icnosum, superficially 
embedded in the wall of the liver (Fig 317) 

THE LYMPHATIC SYSTEM 

The lymphatics develop quite independentl> of blood vessels and any 
temporary venous connections which they may show are acquired second- 
arily They ongmate as discrete spaces m the mesenchyme,^* the mesen- 
chymal cells bordenng each space flatten into an endothelial lining By 
progressive fusion such locally formed clefts link into continuous channels*' 
which also grow branch and extend the system further (Fig 325 B-F) 
Through the combination of both processes the l>mphatic system attains 
its final form 

The first plexus of lymphatic captllanes is distributed along the pnm- 
itive, mam venous trunks The dilatation and coalescence of this network 
at definite regions gives rise to five lymph sacs (Fig 325 A) (1, 2) Paired 
jugular sacs appear at seven weeks lateral to the internal jugular veins 
(3) In embryos of two months the unpaired retroperitoneal sac develops at 
the root of the mesenteiy, adjacent to the suprarenal glands, and at this 
stage the cisterna chyh also differentiates (4, 5) Likewise at the end of 
the second month paired posterior sacs arise in relation to the sciatic veins 

All these sacs at first contain blood which they soon discharge into 
neighboring \ eins and thereupon lose their venous connections With rela- 
tion to the lymph sacs as centers, the thoracic duct and the peripheral lym- 
phatics develop rapidly Thus Ijonphatic vessels grow to the head, neck 
and arm from the jugular sacs, to the hip, back and leg from the postenor 
sacs and to the mesentery from the retropentoneal sac The jugular sacs 
are the only ones to acquire permanent connections with the venous system 
They dram into the internal jugular vems by openings which are utilized 
later by the thoracic and right lymphatic ducts, respectively The various 
sacs themselves are eventually replaced by chams of lymph glands Lym- 
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phatic vessels differentiate like thin-walled veins, and at intervals develop 
valves 

Lymph Glands — The earliest, or pnmary lymph glands appear during 
the third month as the l>mph sacs begin to break down into ple\uses of 
lymphatic vessels (Fig 325 /I) Secondary lymph glands develop later 
along the course of the peripheral lymphatics which spread from these 
centers The first stage of development is marked by a lymphatic plexus 
which lies in association with strands of mesenchymal tissue Continued 



proliferation and differentiation enlarge these strands into nodular h mphoid 
masses, and the vessels are crowded to the periphery where the peripheral 
•^iniis then makes its appearance (Fig 326 A, B) About the whole a 
connects e-tissue capsule condenses, while the trabeciilcc and central sinuses 
spread inward from the hilus {B, C) Ordinarily it has been believed that 
t e sinuses of lymph glands represent primary lymphatic plexuses, but an 
a ternatn e interpretation is that they are independent channels in the 
y mpaoid reticulum, arising as clefts in the mesenchyme and acquinng lym- 
P atic connections secondarily Blood vessels, which even at an early 
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penod supply the lymphoid masses, also enter and Ic'ivc at the hilus 
Medullary cords differentiate from the common lymphoid pnmordmm but 
a true cortex appears much later since dcrmitc cortical nodules, w ith germinal 
centers, arc completed mostly after birth 

Hemal (Hemolymph) Glands — ^Thc development of a hemal gland is 
much like that of lymph glands, but its origin is traced to a condensation 
of mesenchyme that develops in relation to blood vessels, not lymphatics ” 
The peripheral sinus arises independently, its vascular connections are 
secondary 

The Spleen — Embryos of 8 ram exhibit a snellmg on the left side of 
the dorsal mesogastnum (Fig 327 ^ 4 ) This bulge is due to an accumuln* 
Uon of mesenchymal cells, }ust beneath the surface (pcntoncal) epithelium 
That some of these elements come from the simultaneously organizing cpi- 



Tio 326 — Diagrams of a devdoping l>mph gland (adapted 'iftcf Bnus) 

Lymph sinuses ure shown as broad channels and the smaller blood vessels as fine plexuses 
connecting with trabecular vessels 

thehum is both asserted and denied However, this controversy loses 
force when it is understood that epithelium and mesenchynne both trice 
ongm to the generalized splanchnic mesoderm and are in the act of diverging 
on sepcirate paths of speaahzation As the mass increases m size, it projects 
above the omental surface, usuallv as several hillocks which slowly merge 
(A) The region of union of the spleen with the dorsal mesogastnum, or 
greater omentum, (B) fails to k^p pace with the general enlargement and 
IS reduced to a narrow band, the gastro-spleiuc ligament (C) At three 
months the spleen acquires its charactenstic form 

The mass of splenic mesenchyme is well v asculanzed, and from it differ- 
entiate the capsule, irabeculce and pulp cords The specialization into red 
and white pulp seems to be dependent upon the development and dastn- 
button of the vascular channels, but there is no agreement as to which type 
IS primary The stnnses, which at first have no connection with the blood 
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vessels, are said to originate as separate cavities in the mesenchyme For 
a time the circulation is within a closed sj stem of vessels , the peculiar ‘open- 
walled’ sinuses are acquired by the middle of fetal life ” Lymphoid tissue 
appears early, but it is not until six months that the splcmc corpuscles form 
ovoid nodules about artenes From the fifth to eighth months of fetal life 
the formation of white blood cells is supplemented by red corpuscles which 
develop actively within the splenic mass 



Fig 327 —Development of the spleen shown by Imnsvcrsc sections. throuRli lium-in embrjos 
A, At 12 mm (X 65), B at two months (X 40) C, at four months (X 18) 



Fig 328 Spleen of a newborn, showing partial subdnuion and an accessory spleen X 1 

Anomalies — The spleen is sometimes partially subdivided (Fig 328), or even multiple 
Smaller, accesborj spleens are common in the newborn (Fig 328) These types result either 
from the continuance of the early, multiple hillocks or from an exaggeration of temporarv 
incisures that appear m the third and fourth months 

The Tonsils and Thymus — For their development see pp 212 to 314 
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CHAPTER XVI 


THE SKELETAL SYSTEM 
HISTOGENESIS OF THE SUPPORTING TISSUES 

Connective tissue, cartilage and bone all differentiate from that type 
of diffuse mesoderm known as (Fig 7 A) Mesenchyme anses 

pnmanly from the primitive streak and sccondanly from mesodermal 
somites and the lateral somatic and splanchnic lasers (Fig 337) It is a 
spongy meshi\ork composed of branching cells whose processes perhaps 
touch rather than actually anastomose,* between the cells occur open laby- 
nnthine spaces which are filled wath a ground-substance of coagulable fluid 
In early embryos the mesenchyme acts as an unspccialized packing material 
between the external and internal cpithelia, but it soon enters on vanous 
lines of differentiation (Fig 280) Of these, the inert supporting tissues are 
peculiar in that a ground-substance, or matnx, appears which usually be- 
comes bulkier than the cellular elements themselves The matrix may be 
fibrous, cartilaginous or bony in nature, in each instance it is a matter of 
controversy whether the matrix originates within the substance of the 
mesenchj mal cells or is merely organized and laid dow n m the spaces betw een 
them 

CoNNEcnvE Tissue 

The old idea that connective-tissue fibnls are transformed directly 
within typical cytoplasm is no longer ten ible as an inclusive theory In 
most instances the fibnls seem to develop in a gelatinous ground-substance 
that lies between the cells The chief question today concerns the nature 
and origin of this ground-substance Some, modifying the intracellular 
X lew , claim it to be a syncytial ectoplasm denved from the mesenchyme ^ 
Others interpret the ground-mass as a lifeless matnx secreted by the cells ® 
Observations on living connective tissue indicate that fiber differentiation 
occurs in relation to, and apparently at the expense of, cytoplasmic material 
projected from the surface of fibroblast cells ^ 

Reticular Tissue — Except for the jelly-Iike mucous tissue of the um- 
bilical cord, reticular tissue departs least from the embryonal type (Fig 
329. at top) Its stellate cells are usually described as maintaining a clasp- 
ing relation, wrapped about the reticular fibnls The latter are fine fila- 
ments, staining electively with silver They can develop into white fibers 
and are, m this sense, an immature stage of these elements ■'> ® 
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White Fibrous Tissue — The differentiation of this tissue may be 
divided into two phases first, there is a prefibrous stage marked by the 
appearance of fibrils resembling those of reticular tissue (Fig 320. at top), 
next, the parallel fibnls aggregate into bundles and arc converted through 
a chemical change into tj pical white fibere (Fig 329, at middle) The early, 
mesenchymal cells specialize into fibroblasts and other free types In areolar 
tissue and fibro elastic sheets of denser weave, the white fibers predominate 
m an irregular meshwork, in tendons and Uganicnts they are arranged in 
compact parallel fascicles 

Elastic Tissue — Yellow elastic fibers diflfcrcntiate later than the white 
vanety, but probably in the same general planner (Fig 330) * Topically 
they remain single, coarse fibers which both branch and anastomose They 
may gniup into elastic ligaments or form fenestrated plates ® 

Adipose Tissue — Certain of the mesenchymal cells give nsc to Itpo- 

It is not surely known whether 


Fig 330 — -DifTcfentiation of elastic 
skin of a 5 cm pig fetus (after ^^atl) X 270 At fibers m the umbihuil cord of a 7 cm pig 
top reticular tissue fetus (after Malt) X 270 

cells once differentiated as fibroblasts can later transform into fat cells 
Perhaps the new adipose cells of the adult come from undifferentiated 
mesenchymal cells A lipoblast elaborates within its cytoplasm droplets of 
fat which increase in size and become confluent (Fig 331) , m one carefully 
studied animal the future droplets begin as nucleolar buds and undergo a 
complicated history before reaching the actual droplet condition As the 
amount of fat increases, the cell body becomes rounded When at last a 
huge globule distends the cell, the nucleus is pressed to the periphery Fat 
cells arise in close association with developing blood vessels in areolar tissue 
and appear first during the fourth month The primitive clusters are foci 
for the later lobules it has been urged that these constitute specific organs “ 
At various locations in the fetus there are groups of distinctive granular 
hpoblasts that are set apart as so-called adipose glands Fat cells derived 
from them are peculiar in containing multiple fat droplets which for a time 
do not coalesce, yet in early infanqr they become indistinguishable from 



blasts^ which are the forerunners of fat cells 




Fic 33t —Fat cells difTcrcntiattng in Fio 332 —The ongm of cartihge mitm as inter 
the fifth month trom the connects e tissue prete<l b> rival theonea (I ewis) 

near a capillary X 250 

The firm matrix of h;^alwe cartilage contains a feltwork of masked 
fibnls In fibrocarttlagc, heavier tvhite fibers also are deposited mthm the 
matnx, m clastic cartilage, yellow elastic fibers Cartilage grows internally 
and also at its penphery Internal, or interstitial growth results both from 
the division of cartilage cells and from the production of new matnx by 
them Penpheral, or appositional growth takes place through the mitotic 
activity of the connective-tissue sheath, the pertchondnum Its inner cells 
transform into young cartilage cells, these deposit matnx and become buned 
by their own activities 

BONF 

Bone begins to appear after the seventh week There are two types 
the membrane bones of the face and cranium, which develop directly within 
blastemal (? e , mesenchymal) sheets, and the carhlagp bones which replace 
the earlier cartilaginous skeleton The actual mode of histogenesis, how- 
e\er, is identical in each instance Bone matnx is deposited through the 
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activity of specialized connective-tissue cells, named osteoblasts (bone- 
formers) A soft preosseus tissue, made up of fibnllrc, first differentiates, 
but this becomes impregnated with lime salts almost as fast as it appears 
(r'lg 333 Q To what extent bone matnx is transformed ectoplasm or 
an intercullular secreted deposit, is debated 

Development of Membrane Bone — ^Thc fiat bones of the face and 
cranial vault are preceded by a pnmitive, connective-tissue membrane At 
one or more internal points uttramcmbraiwiis ossification begins Such 



in surface view to illustrate the spread of ossification (X 4) B Growing tip of a spicule at two 
months (after Mall X 270) C Vertical section of the surface of the mandible at three months 
(Prentiss X 325) 

centers of ossification are charactenzed by the appearance of osteoblasts 
which promptly deposit bone matrix in the form of spicules (Fig 333 B) 
These unite into a meshwork of trabecute that spreads radially in all direc- 
tions (A) Since the osteoblasts are arranged in an epithelioid layer upon 
the surface of a spicule, the latter grows both in thickness and at its tip 
As the matrix is progressively laid down, some osteoblasts become trapped 
and remain imprisoned as hone cells (C) , these are lodged lu spaces termed 
lacuna: 

After these primary internal centers are well under way, the entire 
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pnmordium becomes enclosed uithin a pertostcum (Fig 333 C) This :s a 
fibrous membrane condensed from the local mesenchyme Osteoblasts dif- 
ferentiate on its inner surface and deposit parallel plates (lamellre) of com- 
pact bone This process is knmin as periosteal ossification In such 
manner are de\ eloped the dense inner and outer tables of the cranium The 
mass of spongy bone joining the t\\o tables is the diploC 

Much bone that is first formed is prOMSional, and so is resorbed and 
replaced in varying degrees as the bone grows and assumes its final model- 
ing Dunng resorption large mutlinuclcatc cells appear upon the surface 
of the bone matn\ (Fig 333 C) To these phagoc>tic giant cells has been 
gi\en the name osteoclasis (t c , bone destroyers) There is, however, no 
positive evidence that the osteoclasts are actually responsible for bone dis- 
solution, to a certain e\tent, at least, they arc composed of fused osteoblasts 
and freed bone cells “ The plates and trabcculT of any bone are arranged 
spatially in conformityhvith the stresses encountered, in all instances maxi- 
mum strength is gained from a minimum of material The open spaces 
of spongy bone are filled with cellular and fibrous dcnvativcs of the mesen- 
chy'me Such reticular tissue, fat cells, sinusoids and developing blood cells 
constitute the red bone marrodf 

Development of Cartilage Bone — Most bones of the body are preceded 
by a temporary cartilaginous model of the same shape as the definitive bone 
(Fig 335) The chief pecuhanty of this method of bone formation is the 
preliminary destruction of the cartilage, which is provisional and must be 
got nd of before ossification can proceed For this reason these skeletal 
elements are often designated replacement, or substitution bones When 
the cartilage is once removed from an area, the course of events is essentially' 
as in the development of a membrane bone Ossification occurs both 
within the eroded cartilage and peripherally beneath its penchondnum (Fig 
334 -d.) In the first case the process is wtracartilagiuoiis, or endochondral, 
in the second instance, penchondral or, better, pinostcal 

Endochondral Bone Formation — In the center of the cartilage the cells 
enlarge, become arranged in characteristic radial rows, and some lime is 
deposited in their matrix {cj Fig 334 A) The cartilage cells and part of 
the calcified matrix then disintegrate and disappear, thereby bnnging into 
existence pnraordial marrow cavities This destruction apparently is caused 
by the vascular primary marrow tissue which simultaneously invades the 
cartilage, some multinuclear giant cells, the so-called chondroclasts, also are 
in evidence The early marrow tissue arises from the inner, cellular layer 
of the penchondnum and burrows into the cartilage in bud-hke masses 
Such eruptive tissue gives nse both to osteoblasts and to the vascular 
marrow which occupies the early marrow cavities The osteoblasts deposit 
matrix at many points, and at first directly upon spicules of cartilage which 
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activity of specialized connectivc-tissuc cells named osteoblasts (bone 
formers) A soft prcosscus tissue, made up of fibnlla;, first difTcrcntiatcs 
but this becomes impregnated with lime salts almost as fast as it appears 
(Fig 333 B, C) To what c\tcnt bone matns. is transformed ectoplasm or 
an intercullular secreted deposit, is debated 

Development of Membrane Bone — The fiat bones of the face and 
cranial vault arc preceded by a primitive, connective-tissue membrane At 
one or more internal points intramembrauons ossification begins Such 



in surface view to illustrate the spread of ossification (X 4) B Growing tip of a spiLule at two 
months (after Mall X 270) C Vertical section of the surftce of the mandible at three months 
(Prentiss X 325) 

centers of ossification are charactenzed by the appearance of osteoblasts 
which promptly deposit bone matrix in the form of spicules (Fig 333 B) 
These unite into a meshwork of trabeculaj that spreads radially in all direc- 
tions (A) Since the osteoblasts are arranged in an epithelioid layer upon 
the surface of a spicule, the latter grows both in thickness and at its tip 
As the matrix is progressively laid down some osteoblasts become trapped 
and remain imprisoned as bone cells (C) , these are lodged m spaces termed 
lacunce 

After these pnmary internal centers are well under wa>, the entire 
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Fic 334 —Cartilage bone development m humin fetuses A Longitudinal section through 
a finger at fi'C months (after SoboUa, X 15) ^ Detail of spongy bone from the humerus at 

three months (Manmom, X 700) 
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have escaped destruction, hence endochondral bone is charactensticallj 
spong> (Fig 334 B) In a progressne manner the hitherto intact regions 
of cartilage also undergo similar invasion destruction and replacement until 
eventuall) the entire cartilage is superseded by spongv (cancellous) bone 
Pmostcal Bom I ormatwn • — While the foregoing changes are occumng 
vithm the cartilage, compact bone dc\clops around it (Figs 334 A and 
335) This process is identical uilh the formation of the tables of the flat 
bones, and is due to a corresponding acti\it\ of the inner osteogenetic la>er 
of the penchondnum ^^hlch henceforth is called more appropnately the 
pirwstcum Dunng the u a\ cs of dcstniction that accompany the modeling 
of bone vherever found, groo\cs and tubular channels become hollowed 
out^' Penetrating buds of osteogenetic tissue then lay down sccondarv 
deposits of bone as concentnc cylinders whose central a\is is a tube con- 
taining blood \essc!s, the whole is known as an Ha^crsiau svsiem (Fig 334-1) 


Osxtogeretie lay 



JIaterstan system 

— Three stages jllustnting the origin of Ilixerii m sj stems X 250 

Growth of Bones — Flat membrane bones increase in lateral extent by 
continued marginal ossification from osteoblast-nch connectne tissue at the 
site ot the later sutures Both cartilage and membrane bones grow in thick- 
ness through the further deposition of periosteall> -formed matrix at their 
peripheral surfaces In a long bone this superficial accretion is accompanied 
by a central resorption which destrojs not only the endochondral osseous 
tissue but also the earlier periosteal lajers (Fig 335 E, F) As a result, the 
mam shaft becomes a hollow cylinder, whereas spongy bone persists only 
at the ends Red bone marrow fills all these cavities, its replacement b> 
ytllow bone marrow begins before puberty and is completed at about the 
twenty -fifth year 

]Man> cartilage bones (especially long bones and vetrebree) increase m 
length by an interesting method While still m the fetal condition, the 
cartilage a each end of such a bone continues to grow rapidly and ossifv 
m the same manner that was used from the start (Fig 335 A-C) How- 
ever a some ime between birth ind puberty, or even later, osteogenetic 
,.,sne inrades these terminal cartdages and sLndary oss.fic;uon o“ 
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the epiphyses, arc established there (D) Both surfaces of the cartilaginous 
plate, left between the original bone and its epiphysis, continue to develop 
new cartilage as long as the bone lengthens, and this m turn is steadily 
replaced by bone matn'C (ZI) '* However, such growth is chiefly on the 
diaphyseal side Finally, when the adult length is attained, the cartilage 
ceases proliferation, submits to ossification and the epiphyses are firmly 
united to the rest of the bone (F) The adult epiphyseal lutes mark this 
union If the free end of an epiphysis is to become an articulation, it 
remains cartilaginous permanently Short tubular bones, such as those 
of the fingers, have an epiphysis at one end only 

Epiphyses are of three sorts** (i) pressure cpiphjscs, developed at 
the ends of long bones, (2) traction epiphyses, affording processes for the 



Fig 335 — Ossification and growth in 1 long bone /I, Cartilaginous stage B, C, Deposit of 
spongy endochondral bone (stipple) and compact perichondral bone (black) D, Appearance of 
an epiphysis at each end E, Appearance of the marrow cavity (sparse stipple) bj resorption of 
endochondral bone F Union of epiph>ses leaving articular cartilage at free ends enlarge- 
ment of marrow cavity by the resorption of periosteal bone, centrally as deposition contmues 
penpherally 


attachment of muscles (<r g , the trochanters of the femur) , and (3) atavistic 
epiphyses, representing a formerly separate bone {e g , the coracoid process 
of the scapula) 

Most bones have more than one center of ossification (Fig 335 D) In 
all there are over 800 such centers, but half of them do not anse until 
after birth On the average, therefore, there are four centers for each 
mature bone All of these appear earher m females than do the centers of 
corresponding bones in males The epiphyses of females also unite sooner 
with the diaphyses, so that growth in length ceases earlier by some three 
years But even in the male most of the fusions are ending at about the 
twentieth year 

Joints ■ — ^The ]omts, or aritcidaHons, occur at regions where bones meet 
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These include two general groups (i) syuarlhrosts in -uhich little or no 
mo\enient is alloued, and (2) dtarthrosis or freeh movable joints 

In joints of the sjnarthrodial t\pe the mter\ening mesenchjTne differ- 
entiates into a uniting la>er of conncctwc tissue (s>Hcftsnios:5, c g , suture 
of cranium), cartilage (sMichondrosis, ig, pubic SNTnphjsis), or bone 
{sMtosiosts eg , epiphjseil union) 

Diarthrodnl joints are charTctenzed both b\ a prominent joint caaty 
between the moiable skeletal parts, and b> a ligamentous capsuk at the 
penpher} ” The joint ca\at\ anses m the third month from clefts in the 
dense mesenchyme, located between the prospcctne bones, the capsule is 
denied from the denser external tissue continuous with the penosteum 
(Fig 336 4) The cells of the inner layers of the capsule become a lubn 
cative sheet called the syuoKial membrane {B) Ligaments or tendons that 



FiC 336 — Stages in the development of a diorthrodiol joint 


apparently course through the adult joint ca\aties actually represent second- 
aiy imasions, co^e^ed with s\noMal membrane reflected about them and 
hence are really external to the cavity A joint ca\aty may be divided by 
an articular disc, which is merely a fibro-cartilaginous plate fashioned mid- 
way in the mesenchyone between the two compartments Sisamoid hones 
(eg, the patella) develop m relation both to tendons and to joints, they 
commonly arise in the substance of the pnmitiv e joint capsule and some- 
times exhibit a cartilaginous stage Barsa: (i c , fluid-filled sacs at regions 
of fnctional play) are present in the later fetal months 


MORPHOGENESIS OF THE SKELETON 

The skeleton includes both the axial skeleton (skull, vertebne, nbs and 
sternum) and the appendicular skeleton (pectoral and pelvic girdles and the 
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limb bones) Except for the flat bones of the face and cranial vault, the 
bones of the mammalian skeleton exhibit first a blastcmal (i c , mescnch>mal 
or membranous) stage, next a cartilaginous phase, and finally a permanent, 
osseous condition A comparable ascending senes occurs among the adult 
chordates of the present daj In explanation of this, it is held that those 
bones of higher vertebrates that are inhcnted directly from the cartilaginous 
skeleton of lower forms arc obliged to pass through a reminiscent, cartilag- 
inous stage On the other hand, those bones made necessary by the 
acquisition of such newer features as a large brain, prominent nose and 
palate are not ancestrally bound and hence develop directly in membrane 

The human body contains about 270 bones at birth (Fig 353 B) 
Fusion of some of these m infancy reduces this number slightly, but from 
then until puberty there is a steady increase, due to the appearance of the 
epiphyses and the bones of the carpus and tarsus At puberty there are 
350 separate bony masses, and this number is increased still further during 
adolescence Thereafter, fusions again bnng about a reduction to the final 
quota of 206, yet this reduction often is not completed until middle life 
Age IS determinable from the progress of ossification ** 

The Axial Sks^eton 

The pnmitive axial support of all vertebrates is the itolochord, or chorda 
dorsalis, the ongin of which has been traced on pp 68 to 73 The 
cellular notochord constitutes the only skeleton of Amphioxus and its allies, 
but in higher animals it is increasingly replaced by a stiffer axial skeleton 
composed mainly of jointed vertebne Among mammals a supporting noto- 
chordal rod IS transient except at the intervertebral discs, within which it 
persists as the swollen, mucoid nticlct pitlpost {Fig 339 B) 

The axial skeleton differentiates from mesenchyme that traces ongin 
to the senally-arranged pairs of mesodermal segments Dunng the fourth 
week the ventromesial wall of the somite breaks down as it proliferates a 
mass of diffuse cells (Fig 337, left) This aggregate of mesenchyme, desig- 
nated a sclerotome, migrates toward the notochord (Fig 337, nght) The 
sclerotomes are destined to form \ertebrae and nbs 

The Vertebree — The sclerotomic mesenchyme comes to he in paired 
segmental masses alongside the notochord, separated from similar masses 
before and behind by the intersegmental artenes In embryos of about 
4 mm each sclerotome proliferates in its caudal half so that this region is 
denser (Fig 338 A) A fissure next separates these parts and the com- 
ponent halves reunite in new combinations That is, the denser caudal 
part of each original sclerotome 301ns the looser cranial half of the sclero- 
tome next caudad (B) These recombinations and not the pnmitive 
sclerotomes, are the pnmordia of the definitive vertebras 
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From each bilateral pair of pnmordia, growth takes place in three 
pnncipal directions (Fig 337. nght) (i) mesad, to surround the notochord 
and establish the vertebral body, (2) dorsad, flanking the neural tube, to 
constitute the neural, or icricbral arch, and (3) ventrolaterad, to provide 
the costal processes, or pnmordia of the nbs The denser portion, almost 
unaided, gives nse to the processes that become the vertebral arch and nbs 



Fig 337 —Growth nnd separation of the human sclerotome, shown in tnnsxerbc sections 
On left, beginning migration toward notochord (it se\cntecn somites X > 4 °) On right, separate 
sclerotomic mass arrows indicate the directions of further spread which will produce the body, 
arch and costal process of a ' ertebra (at twent> fi\e somite^ X 1 1 5) 
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Ectoderm 
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Fig 338 — Earlj stages m the differentiation of human \ ertebrte, illustrated by frontal sec- 
tions through the left somites X about 75 y|, At about 4 mm showing the differentiation of 
each sclerotome into a less dense and denser region B At about 5 mm , illustrating the union 
of the halv es of successiv e sclerotomes into defin»ti\ e % ertebral pnmordia 


At this stage the mesenchymal vertebne have somewhat the proportions 
modeled in Fig 339 A 

The recombination of sclerotomic masses, just mentioned establishes 
intervertebral fissures between the organizing vertebraj (Fig 338 5) Mesen- 
chymal tissue, derived from the ends of two abutting \ ertebra;, condenses 
into an intervertebral disc within each interspace It is at these intervals 
that remnants of the notochord, incorporated in the discs, persist as the 
pulpy nuclei (Fig 339 B) Since a vertebra develops from parts of two 
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limb bones) Except for the flat bones of the face and crania! vault, the 
bones of the mammalian skeleton exhibit first a blastcmal (t c , mesenchymal 
or membranous) stage, next a cartilaginous phase, and finally a permanent, 
osseous condition A comparable ascending senes occurs among the adult 
chordates of the present day In explanation of this, it is held that those 
bones of higher vertebrates that are mhented directly from the cartilaginous 
skeleton of lower forms are obliged to pass through a reminiscent, cartilag- 
inous stage On the other hand, those bones made necessary by the 
acquisition of such newer features as a large brain, prominent nose and 
palate are not ancestrally bound, and hence develop directly m membrane 

The human body contains about 270 bones at birth (Fig 353 B) 
Fusion of some of these in infancy reduces this number slightly, but from 
then until puberty there is a steady increase, due to the appearance of the 
epiphyses and the bones of the carpus and tarsus At puberty there are 
350 separate bony masses, and this number is increased still further dunng 
adolescence Thereafter, fusions again bnng about a reduction to the final 
quota of 206, yet this reduction often is not completed until middle life 
Age IS determinable from the progress of ossification “ ” 

The Axial Skeleton 

The primitive axial support of all vertebrates is the notochord, or chorda 
dorsalis the ongin of which has been traced on pp 68 to 73 The 
cellular notochord constitutes the only skeleton of Ampluoxus and its allies, 
but in higher animals it is increasingly replaced by a stiffer axial skeleton 
composed raainl> of jointed vertebrae Among mammals a supporting noto- 
chordal rod is transient except at the intervertebral discs, within which it 
persists as the swollen, mucoid nuclei pnlposi (Fig 339 B) 

The axial skeleton differentiates from mesenchyme that traces origin 
to the serially-arranged pairs of mesodermal segments During the fourth 
week the ventromesial wall of the somite breaks down as it proliferates a 
mass of diffuse cells (Fig 337, left) This aggregate of mesenchyme, desig- 
nated a sclerotome, migrates toward the notochord (Fig 337, right) The 
sclerotomes are destined to form vertebrae and nbs 

The Vertebrae — The sclerotomic mesenchyme comes to he in paired 
segmental masses alongside the notochord, separated from similar masses 
before and behind by the intersegmental arteries In embryos of about 
4 mm each sclerotome proliferates in its caudal half so that this region is 
denser (Fig 338 A) A fissure next separates these parts and the com- 
ponent halves reunite in new combinations That is, the denser, caudal 
part of each original sclerotome joins the looser, cramal half of the sclero- 
tome next caudad (B) These recombinations and not the primitive 
sclerotomes, are the pnmordia of the defimtive vertebra 
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are present in all but the sacral vertebra: The full union of these pnmary 
bony components is not completed until several > ears after birth At about 
the seventeenth year secondarj' centers arise in the cartilage still covenng 
the cranial and caudal ends of the \ertebral body and resolve it into disc- 
like bony epiphyses (B) These plates, peculiar to mammals, unite uith the 
rest of the vertebra at about the tutintieth year Still other secondary 
centers appear dunng adolescence and fuse equally late The vanous li^a- 
vicuis of the \ertebral column differentiate from mesenchyme in proximity 
to the vertebrr 

While the foregoing account holds for \ertebra: in general, a feu marked 
de\ lations occur When the ailas is forming, its body differentiates t> pically 
but is soon taken over by the body of the epistropheus (axis) It thereafter 
serves as the peg-like extension (the dens) of the latter (Fig 340 E) The 
vertebral arch of the atlas, remaining, is closed-in ventrally, so that it takes 
the shape of a ring {D) The sacral and coccy geal 
vertebrce represent types uith reduced vertebral 
arches Betueen puberty and about the twenty- 
fifth year the sacral vertebrce progressnely unite 
into a single bony mass, a similar fusion occurs 
between the rudimentary coccygeal \ertebrce 
(Fig 342 B) 

The vertebral column and its associated mus- 
cles served pnmitively as a flexible locomotor 
apparatus for propelling vertebrate animals 
through the water Terrestnal life introduced 
many functional changes, and man has altered 
conditions still further by adopting an erect pos- 
ture, this position, and the modified locomotion 
that accompanies it, has made necessary certain peculiar adaptations A 
narrowing of the spine in the upper thoracic region and toward its lower 
end IS correlated with the presence of nbs and sternum, which help relieve 
the spine at the former level, and with the transference of weight to the 
pelvis at the latter The curves in the vertebral column, which appear 
when the child learns to walk, have been mentioned in an earlier chapter 
(P 183) 

Anomalies — ^tVith the exception of the cervical region, numerical vanations abo\e or 
below the normal number of vertebra; are not infrequent (Fig 342 B) Most xertebral de- 
fects are due either to the absence of certain cartilages or bon> centers, or to the imperfect 
fusion of otherwise well formed components The non union of the paired \ ertebral arches 
IS rachischists, or cleft spme it isxanable m extent and exposes a corresponding length of the 
spinal cord (Figs 341 and 401 B) V\hen combmed with a comparable defect of the brain 
case the condition is designated cramo rachischists (Fig 357 B) 



Pio 341 — Rachischisis 
or cleft spine exposing a flat 
spinal cord Abo\ e is an ad- 
\entitious tuft of hair and a 
separate opening 
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adjacent sclerotomes, it is also evident from this diagram that the inter- 
segmental artery not only comes to pass midway ov cr the body of a vertebra, 
but also that the myotomes and definitive vertebraj alternate in position 
This alternation is a fundamentallj necessary arrangement in order that 
the myotomic muscles may move the spine 

Followng this blastemal stage, centers of choudnficatwii begin to appear 
in the seventh week and quickly follow at succcssivel> lower levels There 
are two centers in the vertebral body and one in each half of the still incom- 


Body Notochord Pulpy nucleus Inlerverlebral dtsc 



Fio 339— Fonn and rchtions of earl> Irnmnn \crtcbf® seen in dorsal view A, Models of 
mesenchymal vertebra, at 7 mm (after Bardeen, X 30) D Dnpram of vertebral relations 


Neural tube 



A C B 


Fig 340 — Later development of human vertebra* A, Chondnhcation centers shown m a 
transverse section at 13 mm (after Bardeen X 18) B, C, Ossification of a thoraac vertebra 
(side and front views) composites up to seventeen >ears D, Atlas, at three years, m cephabc 
view E Epistropheus in third year in dorsal view 


plete vertebral arch (Fig 340 The four centers enlarge and merge 

into a solid, cartilaginous vertebra The vertebral arches do not unite and 
enclose the spinal cord until well into the third month, from them grow out 
the transverse and spinous processes (Fig 204 ) 

Finally, in the tenth week, the stage of vertebral ossification sets in 
(Fig 353 ■^) Each lateral half of the arch has a smgle center Whereas 
the vertebral body appears to have but one, there are often transient indi- 
cations of doubleness and even separate centers In the fifth month centers 
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Anomalies — Overdevelopment of cost'll processes ma\ lead to a supemumcnrj nb m 
connection with the lowest cervncal or hiRhest lumbar \ertebra (Fig 343) 'The former is 
important practicallv, since it mav injure the brachial plexus or subclavian arterv nearbv 
Bifurcation of ribs sometimes occurs at their ventral ends (Fig 343) 



Fio 343 — Ctrvical nbs md bifurcated nbs m an adult 


The Sternum — Modem studies Tgree that the sternum ongmates from 
a pair of mesenchymal bands that can be identified m human embrjos of 



Pig 344 — Development of the human sternum A Mcscnchvmal stage (modified after Kings- 
ley) B, Cartilaginous stage at nine weeks C Ossification centers m a child 


SIX weeks These lie ventrolaterally in the body wall and at first have no 
connection either with the nbs or with each other (Fig 344 /I) Following 
the prompt attachment of the nbs the paired sternal bars unite progressively 
in a cephalocaudal direction, at the same time incorporating cranially a 
smaller mesial mass which corresponds to the prestemum of lower animals 
(> 1 , B) At nine weeks the union of the cartilaginous bars is complete 
The cranial end of the developing sternum bears tuo imperfectly separated 
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The Ribs — The history of the nbs begins uith the costal processes 
^hich grow out from the pnmitive vertebral mass, as already desenbed 
Only in the thoracic region do they become long bars, following the curva- 
ture of the body wall (Fig 342 ^ 4 ) The mesenchymal nb tissue acquires a 
single center of chondnfication and transforms into cartilage (Fig 340 A) 
The original union of costal process with vertebra is replaced by a joint in 
which a concavity on the vertebra receives the head of the nb, at the same 
time a prominent transverse process of the vertebra c\tcnds outward and 
makes an articulation with a growing tubercle of the nb (Fig 342 D) 

A center of ossification appears near the future angle of each nb even 
before anj centers occur in the corresponding vertebra The cartilaginous 
nb progressively converts into bone, but the distal ends of the thoracic nbs 



Fig 342 — Human nbs and their relations to vrrtebrx A Gromng thoraac nbs jn\entral 
view, at 13 mm (after Muller) S-F Tjpes of vertebne and nbs (C-F in black) B, anomalous 
sacrum composed of four (instead of five) \CTtebnr C cervical 2?, thoracic, £ lumbar, F, sacral 

always remain cartilaginous At about the time of puberty two epiphyseal 
centers appear in the tubercle and one in the head The highest develop- 
ment of nbs is realized in the thoracic region where they maintain movable 
articulations with the vertebrae and follow the curving body wall to jom the 
sternum in the midventral line (Fig 343) In the neck they are short, and 
unite with the cervical vertebrae, their tubercles fuse with the transverse 
processes and their heads with the vertebral bodies thus leaving an interval, 
the transterse foramen, through which the vertebral artenes course (Fig 
342 C) In the lumbar region the nbs are again diminutive and fused to 
the transverse processes {E) The modified nbs of the sacral vertebrae are 
represented by prominent, flat plates which unite on each side as a pars 
lateralis of the common sacrum {B, F) Only in the first of the coccygeal 
vertebne do traces of nbs remain {B) 
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newer bones These bones on^tmtcd in the skin co\ennf; the bmn of fishes, and the} con 
tmue to difTerentiate similarh as membrane bones m man The prechordal part of the skull 
was a pnmitnc support for the fore brun which expanded greath as the result of its relation 
with the ej es and nose In consequence of this, a capacious dome of dermal bone w as added 
secondanh , and mammals similarh build a cranial vault of intramcmbranous ongin 

Mesodermal segments do not occur rostral to the ot«:\ sts (Fig 346 /I) Accordingh, 
except in the occipital region where there arc indications of the incorporation of three or 
four \ertebre into the skull ( 7 i), this part of the skeleton lacks an> direct evidence of seg- 
mentation (cf p 398) The line of union of the several cartilaginous components of the 
pnmitive skull is indicated bj v mous foramina through which nerves and blood vessels 
find their outlets (B) 




Pio 34G —Development of the chondrocranium, somewhat schematired (after Cl ira) 

The Desmocranium — The earliest indication of the skull is a mass of 
dense mesenchjme which, dunng the fifth and si\th weeks, envelops the 
cranial end of the notochord and extends cephalad into the nasal region 
(Fig 347 A) LateraU> it expands into wings which arc continuous with 
the general head mesoderm that houses the brain Ventrallj it communi- 
cates with the mesodermal cores of the branchial arches 

The Chondrocranium — During the se\enth week chondnfication be- 
gins mesially in the future ocapital and sphenoidal regions, from here it 
spreads laterad and to a slight extent dorsad, and also extends into the 
nose (Fig 348 A) At the same time, the internal ears become invested 
w^th cartilaginous otic capsules which eventually unite with the occipital 
and sphenoidal cartilages The chondrocrattiiuft, as it is termed, is thus 
confined chiefly to the base of the skull, whereas the rest of the sides and 
roof IS at this period a connective-tissue membrane Chondnfication also 
occurs more or less extensi\ ely in the branchial arches The process as a 
w ole IS at its height by the middle of the third month and the chondro- 
cranium IS then a unified cartilaginous mass (Figs 347 B and 348 B) "" 

The Osteocranium— In the penod of ossification which now ensues, 

1 ecomes evident that most bones develop from two or more formative 
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episternal cartilages with which the clavicles articulate ( 5 ) They usually 
]oin the manubnum of the sternum and lose their identity 

Ossification begins at about five months, 
but all the centers are not present until child- 
hood Vanations in the ossification centers are 
not uncommon, although a bilateral tendency 
IS evident (C) The segmentation of the sternum 
into stemebne is acquired sccondanly and has no 
phylogenetic significance 

Anomalits — Cases of cleft sternum, perforated ster 
num nnd notched xiphoid process all reflect the bilateral 
origin of this organ (Fig 345) 'Suprasternal bones’ are 
mtfclj ossified cpistcmil cartilages that fail to attach to 
the manubnum stemi (cf Fig 344 fl) , in minj loner mammals such bones occur normall) 



The Skull — The head skeleton includes three pnmary components 
(i) the brain case, (2) capsular investments of the sense organs, and (3) a 
branchial-arch skeleton, denved from the embrjonic counterparts of the 
peculiar arches that support the mouth and pharyn\ of adult fishes and 
tailed amphibia (c/ p 176 and Fig 74) Apart from some exceptions in the 
third group these several elements unite intimately into a composite mam- 
malian skull The branchial-arch components originally subserved the 
functions of respiration and mastication, and this morphological relation- 
ship has been largely maintained The perfecting of a palate m mammals 
is an innovation which makes it possible for the young to suck (and the 
adult to chew) and breathe at the same time 

The eirl) notochord extends into the head as far as the pharvngeal membrane, but its 
termination is identified later by the caudal border of the fossa for the hjpophjsis located 
in the sphenoid bone In replacing the notochord of the head region, early vertebrates 
evolved a cartilaginous cranium that is still used by sharks, but is represented in mammals 
only b> the floor of the cartilaginous, and later osseous, cranium The chordal part of this 
ancient cranium exists in shark embryos as trvo parachordal cartilages nhich accompany the 
notochord into the head (tig 346 ,4) In man they are united as a single basal plate from 
their first appearance this is the forerunner of the ocapital bone Farther rostrad the pre 
chordal part of a shark’s cranium is represented by two trabecular cartilages (the future 
sphenoid bone), which flank the pituitary gland, and their fused extensions (the nasal sep- 
tum of the ethmoid) A slight trace of this doubleness can be seen in human embry os 

Alongside the parachordals cartilaginous capsules were pnmitively built around the 
otocysts, only to fuse later with the parachordals (Fig 346) Their counterparts in mam 
mals give nse to the petrous and mastoid portions of the temporal bone The eyes have 
remained independent movable bulbs On the other hand, the capsules surrounding the 
olfactory organs joined with the trabecular cartilages and gave nse to the lateral ethmoids 

The hind and mid brains were primitively supported by the parachordal cartilages 
However, the functional relation of the ears (both auditory and equilibratory) with the 
hind brain led to the development of a proimneot cerebellum, and this became housed by 
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ne^er bones These bones onpnated m the skin co\enng the bram of fishes, and the\ con- 
tinue to differentiate similarh as membrane bones m man The prechordal part of the skull 
was a pnmitu e support for the fore bram which expanded grcatlj as the result of its relation 
wath the e\es and nose In consequence of this, a capacious dome of dermal bone was added 
secondanU, and mammals similarh build a cranial lault of intramcmbranous ongin 

Mesodermal segments do not occur rostral to the otoc\ sts (I ig 346 A ) Accordingl} , 
except in the occipital region where there are indications of the incorporation of three or 
four lertebnc into the skull ( 5 ), this part of the skeleton lacks anj dirt-ct ciidcnce of seg 
mentation (cf p 398) The line of union of the several cartilaginous components of the 
primitive skull is indicated b> various foramina through which nerves and blood vessels 
find their outlets (ii) 



Fio 346 -—Development of the chondrocramum, somewhat schematized (after Clara) 


The Desmocranium — The CTrlicst indication of the skull is a mass of 
dense mesenchjme which, dunng the fifth and si\th weeks, envelops the 
cranial end of the notochord and extends cephalad into the nasal region 
347 -d) Laterally it expands into mngs which are continuous with 
the general head mesoderm that houses the brain Ventrally it communi- 
cates With the mesodermal cores of the branchial arches 

The Chondrocranium — Dunng the seventh week chondnfication be- 
gins mesially in the future occipital and sphenoidal regions, from here it 
spreads laterad and to a slight extent dorsad, and also extends into the 
nose (Fig 348 A) At the same time, the internal ears become invested 
with cartilaginous otic capsules which eventually unite with the occipital 
and sphenoidal cartilages The chovdrocramttm, as it is termed, is thus 
confined chiefly to the base of the skull, whereas the rest of the sides and 
roof IS at this penod a connective-tissue membrane Chondnfication also 
occurs more or less extensively in the branchial arches The process as a 
whole is at its height by the middle of the third month and the chondro- 
cranium IS then a unified cartilaginous mass (Figs 347 B and 348 B) 

The Osteocranium — In the penod of ossification which now ensues, 
It becomes evident that most bones develop from two or more formative 
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They usually 


epistcrnal cartilages with which the clavicles articulate {B) 
join the manubnum of the sternum and lose their identity 

Ossification begins at about five months, 
but all the centers are not present until child- 
hood Vanations in the ossification centers are 
not uncommon, although a bilateral tendency 
is evident (C) The segmentation of the sternum 
into stemebne is acquired secondanly and has no 
phylogenetic significance 


Anomalies — Cases of clott sternum, perforated stcr 
num and notched xiphoid process all reflect the bilateral 
oriRin of this orjjan (Fig 345) ‘Suprasternal bones’ are 
mcrcl> ossifieil cpislciml cartilages that fad to attach to 
the manubrium stemi {c( Fig 344 B) mman> loner mammals such bones occur nonnall) 



The Skull — The head skeleton includes three pnmary components 
(i) the brain case, (a) capsular investments of the sense organs, and (3) a 
branchial-arch skeleton, denved from the embiyonic counterparts of the 
peculiar arches that support the mouth and pharjnx of adult fishes and 
tailed amphibia (c/ p lydandFig 74) Apart from some exceptions in the 
third group, these several elements unite intimately into a composite mam- 
malian skull The branchial-arch components onginally subserved the 
functions of respiration and mastication, and this morphological relation- 
ship has been largely maintained The perfecting of a palate in mammals 
IS an innovation which makes it possible for the young to suck (and the 
adult to chew) and breathe at the same time 

The early notochord extends into the head as far as the pharyngeal membrane, but its 
termination is identified later by the caudal border of the fossa for the hypophysis located 
in the sphenoid bone In replaang the notochord of the head region, early vertebrates 
evolved a cartilaginous cranium that is still used by sharks, but is represented m mammals 
only by the floor of the cartilaginous, and later osseous, cranium The chordal part of this 
ancient cranium exists in shark embryos as two parachordal cartilages which accompany the 
notochord into the head (Fig 346 A) In man they are united as a single basal plate from 
their first appearance this is the forerunner of the occipital bone Farther rostrad the pre- 
chordal part of a sharks cranium is represented bj two trabecular cartilages (the future 
sphenoid bone), which flank the pituitary gland, and their fused extensions (the nasal sep- 
tum of the ethmoid) A slight trace of this doubleness can be seen m human embrjos 

Alongside the parachordals, cartilaginous capsules were primitively built around the 
otocysts only to fuse later with the parachordals (Fig 346) Their counterparts in mam 
trials give nse to the petrous and mastoid portions of the temporal bone The ejes have 
remained independent, movable bulbs On the other hand, the capsules surrounding the 
olfactory organs joined with the trabecular cartilages and gave nse to the lateral ethmoids 

The hind and mid brains were pnimtivelj supported by the parachordal cartilages 
However the functional relation of the ears (both auditory and equibbratory) with the 
hind brain led to the development of a prominent cerebellum, and this became housed by 
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newer bones These bones onginated m the skm co\enng the bnin of fishes, and the\ con- 
tinue to difTerentiate similarU as membrane bones m man The prechordal part of the skull 
nas a pnmitt\e support for the fore-brain which expanded grcatl) as the result of its relation 
with the e> es and nose In consequence of this, a capacious dome of dermal bone w as added 
secondanlv , and mammals similarU build a cranial \ ault of mtramembranous origin 

Mesodermal segments do not occur rostral to the otoevsts (I ig 346 A) AccordingU , 
except in the occipital region where there arc indications of the incorporation of three or 
four \ertebre into the skull (B), this part of the skeleton lacks an\ direct e\idence of seg- 
mentation {cf p 398) The line of union of the scaeral cartilaginous components of the 
pnmitue skull is indicated bj \anous foramina through which neraes and blood \esscls 
find their outlets (B) 



Fio 346 — De% elopment of the chondrocramum somenhat schematized (after Clara) 


The Desmocraniura — The earliest indication of the skull is a mass of 
dense mesenchyme which, dunng the fifth and si\th weeks, envelops the 
cranial end of the notochord and extends cephalad into the nasal region 
(Fig 347 A) Laterally it expands into wings which are continvtous with 
the general head mesoderm that houses the brain Ventrally it communi- 
cates With the mesodermal cores of the branchial arches 

The Chondrocramum — Dunng the seventh week chondnfication be- 
gins mesially in the future occipital and sphenoidal regions, from here it 
spreads laterad and to a slight extent dorsad, and also extends into the 
nose (Fig 348 A) At the same time, the internal ears become invested 
With cartilaginous otic capsules which eventually unite with the occipital 
and sphenoidal cartilages The chotidrocranium as it is termed, is thus 
confined chiefij to the base of the skull, whereas the rest of the sides and 
roof IS at this penod a connective-tissue membrane Chondnfication also 
occurs more or less extensively in the branchial arches The process as a 
whole IS at its height by the middle of the third month and the chondro- 
cranium is then a unified cartilaginous mass (Figs 347 B and 348 B) -- 
The Osteocramum— In the penod of ossification which now ensues 
1 ecomes evident that most bones develop from two or more formative 



Pig 348 — Chondrocranium of the human fetus A Dunng the eighth week (adipted after 
* Lewis X 5) ^ At ten w eels (after Macldin X 3) Membrane bones are m stipple 


components may anse either in membrane or m cartilage, the mixed nature 
of vanous adult bones is also explained Ossification of the chondrocranium 
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begins earh in the third month but some membrane bones are e\ en more 
precoaous (Figs 34S B and 353 4 ) The union of the se\eral components 
of compound bones is not completed until after birth, m certain ones man\ 
>ears elapse before final fusion is accomplished A stnking feature of the 
fetal skull is the great relatu e size of the neural portion (Fig 134) the ratio 
of cranial to facial volume decreases from S i at birth to 2 5 i in the adult 
The Occipital Bone — Four centers appear in the cartilage about the 
foramen magnum (Fig 349) From the acntral center comes the basilar 
part {basioccipital) of the future bone from the lateral centers the lateral 
portions (ixoccipitals) which bear the condvlcs from the dorsal center, the 
squamous part (supraoccipital) below the supenor nuchal line The 
squamous area (vikrparittal) abo\c that line is a double-centered addition 
of intramembranous ongin 



Fig 149 — Human occipital bone nt four Fig 350 — Humin sphenoid bone at 

months X 1 5 Unossified cartilage js shown nearh four months X 2 Parts still cnrti 
as a homogeneous background hginous nre represented tn stipple 


The Sphenoid Bone — Ten pnncipal centers anse in the cartilage that 


corresponds to this bone”' (Fig 350) (i 2) in each ala par\a (ordifo-s/j/iciioid) , 
(3. 4) m each ala raagna (ahsphcnotd) (5, 6) in the corpus between the aim 
parvm (presphenoid), (7, 8) in the corpus betw’cen the alrc magnm (bast- 
sphenoid) and (9, 10) in each ItngitJa Intramembranous bone also enters 
into its composition one center forming the orbital and temporal portion 
of each ala magna and another center the mesial lamina of each pterygoid 
process (e\cept the hamulus) 

The Ethmoid Bone — The ethmoidal cartilage consists both of a mesial 


mass, which e\tends from the sphenoid to the tip of the nasal process and 
of a pair of masses lateral to the olfactory sacs (Fig 351) The terminal 
part of the mesial mass persists as the cartilaginous nasal septum, but ossi- 
cation of the upper portion produces the perpendicular plate and the crista 
ga 1 which complete the septum The lateral masses ossify at first into 
e spongy bone of the ethmoidal labyrinths From these, the definitive 
onejeomb structure {ethmoidal ctlls) and the concha differentiate through 
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invaginations of the nasal mucous membrane and the simultaneous resorp- 
tion of bone (In other regions of the cianium a similar invasion of the 
mucous membrane and a corresponding dissolution of bone produce the 


inHiVafa^ sepltm 
inj^Perpendtcular plate 
galli 

[ Crtbnjorm plate 
Z^Labyrinih 


Pig 351 — Hurain ethmoid bone, at four 
months X l 5 



Squamosum 



Tympantcum 


Pic 352 — Ilumm left temporal bone at 
birth X I The portion of mtracartibginous 
ongm IS represented m stipple 



InUrpanefat 
.^ubraoeetbttal' ^ 
Bait andexccetptlal- 
Tympattte rtn% 



Metacarpal 


r Phalanges 

I \ Jiadius 



—Extent of ossification in human fetuses A At eleven weeks (after Broman X l 5) 
B At birth (Scammon after Hess X i) 


frontal, Sphenoidal and maxillary p 485) Fibers of each olfactory 

nerve at first pass between the tmjomed mesial mass and its respective 
lateral mass Later on, cartilagmous trabeculae surround these bundles of 
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nerve fibers and interconnect the three masses , upon ossif> ing, the perforated 
parts of the completed ethmoid are designated cnbnfonn plates 

Till Temporal Bone — Multiple centers of ossification in the penotic 
cartilage produce a composite, bon\ capsule about the inner ear This 
constitutes the petrous and mastotd portions of the temporal bone (Fig 352) 
Hoive\er, a definite mastoid process first develops after birth by an outuard 
bulging of the petrous bone Its internal cavities, the mastoid cells, result 
from a postnatal invagination of the epithelial lining of the middle ear iihich 
first induces erosions and then lines the spaces thus excavated The 
squamosal and tympanic portions of the temporal bone are of intramcm- 
branous ongin, while the styloid prociss ongmates from the dorsal end of 


the second (hj oid) branchial arch 
Membrane Bones of the Sktdl — 
From the preceding account it is 
evident that although the bones of the 
base of the skull anse chiefly in 
cartilage the> receive substantial con- 
tnbutions from membrane Ihc re- 
mainder of the sides and the entire 
roof of the skull are whollv of intra- 
membranous ongin (Fig 354). each of 
the pariitals developing from a double 
center, the frontal from paired centers 
353 At the incomplete angles 
between the panetals and their adja- 



Fig 354 — Components of the human 


cent bones, union is delated for months skull nt birth White areas represent 
after birth These membrane-covered stippM a«,s cirtihse 

bone, black nreas bnnchial arch denva- 

paces constitute the fontancllcs, or tives cross hatched areas fontanellcs 

soft spots’ (Fig 354) Inconstant 

Wormian bones’ appear frequentl> in such locations 


The earner forms from two centers in the connective tissue that flanks 


the low er border of the perpendicular plate of the ethmoid The cartilage 
of the ethmoid, thus invested, undergoes resorption Single centers of ossi- 
fication in the mesenchj me of the fnaal region give nse to the nasal, lacrimal 
and zygomatic, all pure membrane bones The mandible, maxilla and the 
palate bones are described in the next paragraphs 

Branchial Arch DcriLatives — The total contributions of the cartilag- 
inous branchial arches to the skull are shown in black in Fig 354 They 
a so are illustrated more in detail in Fig 356 and are tabulated on p 178 
he ^rst brandiial arch on each side forks into a rostral maxillary and a 
caudal mandibular process (Fig 75) Although the jaws have a cartilag- 
ous ancestry, no trace of this tissue appears in the developing upper jaw' 
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of mammals, on the contrary, the maxtlla and the palate bones anse directly 
in membrane, and (like the mandible) arc held to be substitutions acquired 
later in phylogeny (Fig 353) Each palate bone develops from a single 
center of ossification Two centers contribute to the formation of each 
maxilh, one gives nsc to the portion bcanng the incisor teeth, the other 
to the entire remainder This agrees "ith the double ongin from pre- 
maxillary and maxillary regions that is obser\'cd in the gross formation of 
the upper jaw (Fig 163) 

The mesenchymal core of the mandibular process transforms into a 
cartilaginous bar, J\,IcckcVs cartilage, which extends dorsad into the tym- 
panic cavity of the ear and is there encased by the future temporal bone 
(Fig 348) Despite the presence of this ancestral jaw matcnal, which con- 
stitutes the whole lower jaw of sharks, it docs not ossify into the definitive 
mandible Instead, membrane bone has been substituted, onginallj for the 



Fic 355 — Ossification and gron’th of the human mandible A, Relation of Meckel s car 
tilage to the mandible at two months (after Low X 8) the nght half of the mandible is viewed 
from the mesial side B, Mandible of the newborn (stippled) supenmposed on the adult mandible 
to show their relative size and shape (X -S’) 

purpose of strengthening the primitive mandible and providing supports 
for the teeth Such replacing bone develops ventrally in the body of the 
future lower jaw and encloses both Meckel’s cartilage and the infenor 
alveolar nerve, whereas more dorsally, in the ramus it takes the form ol a 
plate that merely lies lateral to these structures (Fig 355 A) This relation 
explains the position of the adult mandibular foramen, where the nerve 
enters the jaw bone The portion of Meckel’s cartilage invested by bone 
disappears and contributes nothing to the permanent jaw, the latter results 
from the fusion of the two substitute halves each with a single center 
Traced dorsad of the mandibular foramen the cartilage becomes in order 
the spheno-mandibular ligament the malleus, and the iiicjis (Fig 355 -d and 
256) * The mandible changes greatly in shape as the result of growth and 
the acquisition of permanent teeth (Fig 355 B) 

Each second branchial arch (Reichert’s cartilage) also enters into rela- 
tion dorsally with the otic capsule This segment resolves into the separate 
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stapes, as well as jnto the styloid process which combines wnth the temporal 
bone (Figs 356 and4So) ° The succeeding portion of the arch is com erted 
into the stylo-hyoid bgaiiiciit, it connects thcstjloid process with the icntral 
end of the arch which, like its mate, also undergoes mtracartilaginous 
ossification to form a lesser horn of the hyoid bone (Fig 356) 


Incus (/) 


Malleus (7) 


Stapes (IT) 
Styloid process (11) 

Tympamc ring 
Stylo h^oid lig ( 11 ) 



Temporal squama 
Zygoma 

Mandible 


Cricotd and arytenoid 
cartilage ( V) 


Meckel's cartilage (I) 

. ilyoti cartilage (lesser horn) (IT) 
llyotd cartilage (greater horn) (III) 

Thyroid cartilage + T ’) 

Pig 356— Denvatjves of the hum >n branchnl arches demonstrated m a htenl dtsseetjon of the 
head (after Kollmann) 




B Cranio rachischjsis in a nenbom C Scaphocephalj 

Cartilage occurs only in the ventral portions of the ihtrd branchial 
arches These ossify and refashion into the paired greater horns of the 
lyotd bone, tvhile the extreme ventral ends unite as its body (Fig 356) 

fourth branchial arches differentiate in their more \entral regions 
into the cuneiform and thyroid cartilages (Fig 356) 

The^///i branchial arches transform similarly into the corniculate, ary- 
woid and cricoid cartilages (Fig 356) It is possible that a contnbution 
ade to the thj- roid cartilage, as well 
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Anomalies — An unclosed roof to the skull is dcsifjnitcd cramoschnts, were examples 
are Riven the names hemtcTama and acrama, and in such specimens the head is set on the 
shoulders, without a neck (I ir 357 A) The brain, thus etpostd, mav lx* cither reduced in 
size or herniated to the outside Sometimes combined u ith these defects is a similar open 
condition of the vcrtclinl column, cranto rackisclitsts (B) T’rcmatiin. closure of certain 
sutures, while Rfowth continues alonp other marpms, can result m distortions known as 
scaphocephaly (wcdRc shaped cranium, Q, acrocephaly (pointed top to head), or plaiio 
cephaly (asvmmctncal or twisted skull) Cleft palate (p 204), hare lip and allied conditions 
(p 182) have been discusso<l prcviousK 

The Appendicular Skeleton 

The appendicular skeleton consists of a cranial and a caudal internal 
support, or girdle, and the skeleton of the free appendages attached to 
them Fundamentally the two sets of girdles and limbs are comparable, 
but espcciall) in the highest vertebrates and man has 
specialization complicated some of the existing homol 
ogles Torsion in opposite directions also adds to the 
superfiaal difTcrcnccs between the limbs (p 185) The 
appendicular skeleton seems to be domed directly 
from the unsegmented somatic mesenchyme and not 
from the sclerotomes In embryos of 10 mm mesen- 
chymal condensations have formed definite blastcmal 
masses both at the sites of the future pectoral and pel- 
vic girdles and wathm the primitive limb buds (Figs 
358 and 366 A) Following this condition, the var- 
ious pnmordia pass through a cartilaginous stage (Fig 
368) and then transform into bone 

The appendicular skeleton of the newborn is incom- 
pletely ossified, some elements, like those of the wTist, 
are still wholly cartilaginous (Fig 360 A) Secondary 
centers organize epiph>ses between birth and the twentieth year {B, C) 
Fusions occur mostly m late adolescence 

The Upper Limb — The claiiclc is very large in man and some other 
mammals that enpy great freedom of motion of the fore limb It is the 
first bone of the skeleton to ossify, two pnmary centers appearing for the 
shaft in embryos 15 mm long (Fig 359) Prior to ossification it is com- 
posed of a peculiar tissue which has made it difficult to decide whether the 
bone IS intracartilaginous or intramembranous in ongin, there are some 
considerations in favor of the latter method ” 

The scapula arises as a single plate wnth two chief centers of ossifica- 
tion and several later epiphyseal centers (Fig 359) An early pnmary 
center forms the body, including the spme and acromion The other after 
birth gives nse to the rudimentary coracotd process, in lower vertebrates 



Fig 158 — Mesen 
chymal pnmordium of 
the arm bones in a 12 
mm human embryo 
X 30 
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this IS a separate bone eUending from scapula to sternum, but in man it 
unites with the bodt of the scapula and persists merdj as a small projection 
The liumcnis, radius and ulna ossift each from a single pnmarj’ center 
in the diaphjsis and an epiphyseal center at each end (Figs 335 and 359) 
Additional epiph>seal centers arc tipical for the humerus and may occur 
on the radius and ulna 

In the cartilaginous carpus there is a proximal roit of three, and a 
distal rou of four elements (Fig 339 B) Other inconstant cartilages (like 
the centrals and pisiforme) may appear and subsequently disippear, or 

Acromion 



A B 

359 — Cirtil-igmows skeleton of the human upper hmb (idaptecl ifUr Lewis) X 0 X, At 
II mm Mith chondnfication beginning B, At ao mm adv meed chondnficition 



they ma> become incorporated into the carpal boneb Each element corre- 
sponding to an adult carpal bone ossifies after birth from a single center 
(Fig 360) Each metacarpal and phalanx likewise develops from a single 
pnmary center, but there is also an epiph>seal center at one end (B, C) 
The Lower Limb — The cartilaginous plate of the co\al, or htp bone, 
IS at first so placed that its long axis is perpendicular to the vertebral 
CO umn (Fig 366 ,4) Later it rotates to a position parallel with the verte- 
slightly caudad this bnngs it into relation with 
tne hrst three sacral vertebne (Fig 361 A) A retention of the blastemal 
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condition in the lower half of each pnmitivc, cartilaginous coxal plate 
accounts for the obturator membrane which closes the foramen of the same 
name (C) Three mam centers of ossification appear and gradually shape 
into the pnmitivcly dorsal thttm, ventral ischttim and caudal piibts (D) 
Where the three elements join there is a cup-shaped depression, the aceiab- 
ultem, which receives the head of the femur The two pubic bones unite in 
the symph>sis pubis along their mid ventral lengths, while the ilia articulate 
with the sacrum 




B 

Fig 361 — De\elopmental stages of the human lower btnb A Early chondnficaljon at 
14 mm (after Bardeen X 20) B O^ihcation in cleared leg. at three months (X 2) C, Car 
tilaginous pnmordmm of hip bone at two months (after Bardeen X 15) D Ossify mg hjp bone 
at birth (X J) 

The general development of the femnr, Ubta, fibula, tarsus, metatarsus 
and phalanges is similar to that of the corresponding bones of the upper 
extremity (Fig 361 A, B) The patella is regarded as a sesamoid bone 
which develops within the tendon of the quadneeps femons muscle 

Anomalies — See p 186 where malformed appendages are desenbed, and also p 13 
for a discussion of giant and dwarf conditions 
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condition in the lower half of each primitive, cartilaRinous coxal plate 
accounts for the obturator manbrauc which closes the foramen of the same 
name (C) Three mam centers of ossification appear and gradually shape 
into the pnmituclj dorsal littim, ventral isclitum and caudal pubts (D) 
Where the three elements join there is a cup-shaped depression, the acciab 
nltim, which receives the head of the femur The two pubic bones unite m 
the symphysis pubis along their midvcntral lengths, while the ilia articulate 
with the sacrum 




Fig 361 —Developmental stages of the human loner lunb A, Eirly chondnfication at 
14 mm (after Bardeen X 20) B Ossification m cleared leg at three months (X *) Ct Car 
tilaginous pnmordium of hip bone at two months (after Bardeen, X 15) -D, Ossifying hip bone, 

at birth (X 5 ) 

The general development of the femur, tibia, fibula, tarsus, miiaiarsus 
and phalanges is similar to that of the corresponding bones of the upper 
extremity (Fig 361 A, B) The patella is regarded as a sesamoid bone 
which develops within the tendon of the quadriceps femons muscle 

Anomalies — See p 186 where malformed appendages are desenbed, and also p 13 
for a discussion of giant and dwarf conditions 
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or other treatment Yet this does not nceessanly imply that the fibnls 
are artefacts, since they may be invisible in living cells because of their 
optical qualities It is iiholly possible that closer study of favorable, living 
matenal ma> reveal them, as some think has been done in cultures of 
embrj onic heart muscle 

Smooth Muscle —Certain stellate cells of the mesenchyme enlarge and 
elongate uhcrever smooth muscle is to appear (Fig 362 4 ) Some of the 
fibnllm of such spindle-shaped myoblasts associate m compound bundles 

lfesencfi}/ire 
A ufleits 
Myojibnh 
Myoblast 

A B 

Fig 362 — Stiges m the histogenesis of smooth muscle (ndipiwl iftcr McGiI ! ) A 13 mm pig 
embrjo (X Sso) B 27 mm pigcmbno (X K50) 





Fig 363 — Stages in the histogenesis of cardi ic muscle from i 9 mm rabbit embrj 0 (adapted 
after GodJewski) A Linear arrangement of granules B coilescence of granules into a fibnl 
C fibnl splitting D, long fibnls extending through s>nc>tium 


iB) ® Perhaps these correspond to the coareer border fibnls that some- 
times have been interpreted as inert supporting elements ^ Part, at least, 
of the reticular fibnls that surround smooth muscle fibers seem to develop 
w ithin the myoblasts ® The nucleus retains a central position and elongates 
to adapt Itself better to the general shape of the cell In older fetuses new 
muscle elements anse not only by the transformation of interstitial cells 
between fibers and the specialization of mesench>me at the surface of the 
muscle mass, but also by the mitotic division of fibers already present 



CIIAPl'ER XVII 


THE MUSCULAR SVSTEM 

THE HISTOGENESIS OF MUSCLE 

The musculnr system is composed of spccmli7ed cells, called muscle 
fibers, whose specific contractile elements are assumed to be the component 
myofibrils These cells constitute a distinctive tissue m ivhich contractility 
has become the predominant function The fibers arc of three sorts (i) 
smooth, found principally in the nails of the hollow viscera, glandular ducts 
and blood vessels, (2) cardiac, localized m the myocardium of the heart 
and (3) skeletal, chiefly attached to the skeleton Of these, cardiac and 
skeletal muscle are banded with cross stripes, but only skeletal fibers are 
under voluntary control All three differentiate from formative myoblasts, 
onginating in the middle germ la>er, the onl> exceptions arc the smooth 
muscles of the ins and, apparently, of the sweat and mammary glands 
which are ectodermal 

Terminal, naked branches of nerve fibers end m intimate contact wth 
muscle fibers In smooth and cardiac muscle the endings arc simplj knobbed 
branches, but m skeletal muscle flattened terminal discs arc developed 
which rest on a specialized ‘sole plate’ of muscle protoplasm > The skeletal 
type IS called a motor end plate (Fig 365 E) 

Myogenesis — Cells become myoblasts by differentiating out of (1) 
unspecialized mesenchyme (smooth muscle. Fig 362), (2) splanchnic meso 
derm of the m>ocardium (cardiac muscle, Fig 363) , and (3) m>otomes and 
branchial arches (skeletal muscle, Fig 365) In their earlj state thej seem 
to interconnect m a syncytial manner It may be, however, that the 
alleged cytoplasmic bndges represent detachable processes rather than 
actual anastomoses ’ ’ Fibnllie, coursing lengthwise in the elongating myo- 
blasts, soon make an appearance They are commonly described as differ- 
entiating through the linear arrangement and union of cytoplasmic gran- 
ules ^ ^ but other interpretations of fibnl formation have been ad\ anced (Fig 
363) ® ’ The primitive fibnls multiply rapidly by splitting and thus tend to 
group in bundles The fibnlla; of cardiac and skeletal muscle acquire 
alternate dark and light bands, the former being thickened regions (Fig 

365 O 

It IS important to emphasize that myofibnllae have never been observed 
in living, undisturbed muscle * ® ® Our entire information concerning fibnis, 
including their development, has been obtamed on dead cells after chemical 
390 
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or other treatment Yet this does not nccessanl} impl> that the fibnls 
are artefacts, since the> may be invisible in living cells because of their 
optical qualities It is hollj possible tint closer stud> of fa\ orable, li\ mg 
matenal may reveal them, as some think has been done in cultures of 
embryonic heart muscle 

Smooth Muscle — Certain stellate cells of the mcsench> me enlarge and 
elongate uherev’er smooth muscle IS to appear (Tig 362 1 ) borne of the. 
fibnilaj of such spindle-shaped myoblasts associate in compound bundles 

Mesenchyme 
A luleiis 
Msoftbnls 
M\oblast 

A B 

Fig "irta — Stiges. in the histogenesis of smooth muscle (idiptcd ificr MuGill > 1 13 mm pig 

cmbrvoiX Sv)) 5 , ?7 mm pii,cmbno(X ''V>> 





Fic 363 St^„ts. in the histogenesis of cirdiic muscle from i y mm rabbit embrjo ( »d ipted 
linear amngeraent of granules B coalescence of granules into a fibril 
nl splitting D, long fibrils extending through sjnc)ttum 

® Perhaps these correspond to the coarser border fibnls that some- 
times have been interpreted as inert supporting elements Part, at least, 
0 the reticular fibnls that surround smooth muscle fibers seem to develop 
^ithm the myoblasts ® The nucleus retains a central position and elongates 
o adapt itself better to the general shape of the cell In older fetuses new 
muse e elements anse not only bj the transformation of interstitial cells 
e ween fibers and the specialization of mesenchyme at the surface of the 
muse e mass, but also by the mitotic division of fibers already present 
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Cardiac Muscle — The cardiac type of mvoUmtary muscle develops 
from the sphnchnic mesodenn investing the pnmittvc heart tubes (Fig 
363) I^lyofibnls ansc first at the penphery of the strands of cytoplasm and 
soon extend long distances through the ‘syncytium ’ 'Ihe nuclei remain 
centrally placed, they divide mitotically at first, but perhaps amitoticall> 
later on The charactenstic intercalated dtscs appear m the later fetal 
stages of man and some other mammals,** they arc still sparse in the early 
years but increase \\ith age ’ “ The common opinion that cardne muscle 
retains permanently its syncytial cliaractcr has been challenged by one 
authonty * 

The PttrKtnjc fibers of the impulse-conducting sjstcm, located directl} 
under the endocardium, take a different line of specialization from ordinary 
cardiac fibers They are thick elements, s\\ollcn about the nuclei , their fen 
myofibnls are located peripherally m the fiber 



Mesentery — 
Fig 364 — Human mj otome 


-Mesonephros 




Skeletal Muscle — All striated voluntary muscle is derived either from 
the myotomes of somites (muscles of the neck, trunk" and, possibly, limbs) 
or from mesenchyme of the branchial arches (muscles of the head and, in 
part, neck) 

The portion of the somite left after the emigration of the sclerotome 
mass IS the myotome, or muscle plate (Fig 337) Whether or not the lateral 
wall of the remaining somite becomes a dermatome which furnishes connec- 
tive tissue for the skin, is debated ** In any event, the mesial wall thickens 
and its cells differentiate into myoblasts (Fig 364) These spindle shaped 
elements arrange themselves parallel with the long axis of the body and 
transform into skeletal muscle fibers Certam mesenchymal cells of the 
branchial arches undergo a similar metamorphosis 

The most contro\ erted topic of musde histogenesis is how these early 
fibers acquire their elongate and multinudeate characteristics One inter- 
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pretation \ne\\s a completed fiber as a greatly draun-out myoblast uhose 
nucleus has undergone repeated dnision,* “ first bj mitosis and later, per- 
haps, by amitosis •' Other in\cstigators however, maintain that the same 
end IS accomplished by the union of separate m> oblasts into a composite 
fiber It is possible that both methods occur At the beginning of 
differentiation the nuclei he centrally, surrounded by a granular c>toplasm 
(Fig 365 A) The latter gives nsc to the miofibnllrc {B, D) In the 
third month the light and dark markings on the fibrils come to coincide in 
alignment and thereafter appear as continuous bands across the fiber (O 
During development the nuclei arc crowded to the surface b> the unequal 
distnbution of newl} forming fibnls KrausBs vianhram ^ consist of bndg- 
ing discs of the ground cytoplasm {sarcoplasm) , these unite the fibnls at 
regular intervals and'produce continuous plates tint arc inserted penpher- 
ally into the cell membrane, or sarcoUmma T he distinctive motor nerve 
endings differentiate in the fourth month (A) 



Fic 365 — Histogenesis of skeletal muscle A-C M>obhst stages shomn, fibnl formition 
splitting and stnation (after Godlcwskt) D Tnnsicrse sections of fibers, it different st ipes of 
differentiation (X 400) E Motor end phte at birth (after Tello, X 1000) 


For a time new muscle fibers arise by the continued differentiation of 
myoblasts and the longitudinal splitting of fibers already present ^ When 
this proliferation ceases, all further enlargement of a muscle is by the rela- 
tively enormous increase in the size of individual fibers During myo- 
genesis there is also a vanable destruction of partly developed fibers to 
make room for blood vessels and connective-tissue stroma, it is possible, 
howev'er, that this degenerative phase is less widespread than has commonly 
been credited ^ ^ 


MOPPHOGENESIS OF THE MUSCLES 

The muscles of the body are distributed m two systems, these are the 
viscert musculature and the skeletal musculature 

group of splauchn.c mesodermal 
g , ssociated chiefly -svith the hollow viscera and rs under the invol- 
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Cardiac Muscle — The cardiac t>pc of involuntary muscle develops 
from the sphnchnic mesoderm invcstinR the pnmitivc heart tubes (Fig 
363) Myofibnls ansc first at the penpherj of the strands of cj'toplasm and 
soon extend long distances through the 'syncytium ’ 1 he nuclei remain 
centrally placed, thej divide mitotically at first, but perhaps amitoticallj 
later on The charactenstic intercalated discs appear in the later fetal 
stages of man and some other mammals,"’ they arc still sparse in the early 
years but increase vith age The common opinion that cardiac muscle 
retains permanently its syncytial character has been challenged by one 
authority ® 

The Purktnjc fibers of the impulse-conducting system, located directly 
under the endocardium, take a different line of spcciahration from ordinary' 
cardiac fibers They arc thick elements, sn ollcn about the nuclei , their few 
myofibnls are located peripherally in the fiber 



■Myetcme 

‘Dermahme (t) 
•Mesonephros 

Fit. 364 —Human m>otomc shown in a transverse section at 7 mm 


Skeletal Muscle — ^All striated voluntary muscle is derived either from 
the myotomes of somites (muscles of the neck, trunk and, possibly, limbs) 
or from mesenchyme of the branchial arches (muscles of the head and, in 
part, neck) 

The portion of the somite left after the emigration of the sclerotome 
mass is the myotome, or muscle plate (Fig 337) Whether or not the lateral 
wall of the remaining somite becomes a dermatome, which furnishes connec- 
tive tissue for the skin, is debated ** “ In any event the mesial wall thickens, 
and its cells differentiate mto myoblasts (Fig 364) These spindle-shaped 
elements arrange themselves parallel with the long axis of the body and 
transform into skeletal muscle fibers Certam mesenchymal cells of the 
branchial arches undergo a similar metamorphosis 

The most controverted topic of muscle histogenesis is hoiv these early 
fibers acquire their elongate and multmucleate characteristics One inter- 
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3 A fusion of portions of successive m>otomes into a composite muscle 
Both the rectus abdominis and the sacro spinalis illustrate this process 

4 A lonc,itudinal splitting of nriiotomcs or branchial-arch muscle pn- 
tnordia into subdivisions One example is found in the stemo- and omo- 
hyoid, another in the trapezius and stemo mastoid 

5 A tangential splitting into two or more lasers The oblique and the 
transverse muscles of the abdomen arc formed in this common way 


6 A degeneration of mjo- 
tomes or parts of m> otomes By 
this method fascias, ligaments 
and aponeuroses are produced 




A ^^uscles of the trunk nnd limbs in human embr>os {after Bardeen mil Lc-wns) 

9 mm .showing the pirtiallj fused m>otomesand the premuscle misses of the limbs (X 7), 
>s 1 y m the upper limb, the radius, ulna and hmd plate ire disclosed in the lower limb the 
pnmordial hip bone and the border s tin show B. At 20 mm ( X 4 5) 


Muscles of the Neck and Trunk — The previous chapter has exphmed 
o\\ the myotomes come to alternate with the permanent vertebr£e (Figs 
33 an 339 B) From them anse not only the dorsal musculature, but 
a so e ateral and ventral muscles of the thoracic and abdominal walls 
myotomes have fused superficially, while 

plcure as a sLadaL the somato- 

ments remain rtfn JtfnTT",,' “ myotom.c seg- 

ibtinct throughout the trunk Nevertheless, at the 10 mm 
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untaty control of tho sj mpathctic ncrv ous system Except for the stnated 
cardne muscle m the \\aU of the heart, the visccml mtisclcs are smooth 
That commonest arranKcmcnt is \n orderly sheets or mtcrlacmg bundles 

The Skeletal Musculature — As the name indicates, these striated \ol- 
imtar> muscles are attached pnmanly to the skeleton U ith the exception 
of those muscles of the head and neck that dtfTcrcntsntc out of the branchial 
arches, the skeletal muscles onginatc from mjotomes Mesodermal sog 
mcnis first appear in the future occipital region of embryos about i 5 mm 
long (Fig 71) and the full number of about forty is acquired at 6 mm 
(Pig 74) At the latter stage (early fifth v»cck). the older myolomes enter 
upon the differentiation of muscles, iMthin the remarkably short spice of 
the next three m eeks the dcfimtiv c muscles of the fetus become wcif fashionetf 
and begm to be capable of correlated movements {Fig 366 B) ” In this 
process of morphogenesis, the muscle fibers aggregate m groups that con 
sUtutc the individual muscles These arc true organs, supported and 
enclosed by connective tissue differentiating from out the local mcscnchyTUC 

rnndami.uiQl Broewes Although the primitive segmental arrange- 
ment of myotomes is for the most part soon lost, their ongiml innervation 
by the segmental spinal nerves is retained throughout life For this reason 
the history of adult muscles formed by fusion, splitting, migration or other 
modifications may bo traced with considerable certainty A nerve enters 
its muscle at or near the midpoint Although this innervation is acquired 
early, an innate capacity for contractility already resides m the muscle 
fibers Nor is the development of a muscle or a muscle group dependent 
on the presence of nerve 

An analysis of how muscles develop grossly shows that there ire several 
basic principles operating and that these are utilized again and again by 
different muscles throughout the body Since this is true, it is easier and 
more instructive to state the general pnnaples involved rather than to 
describe in detail the histones of indivndual muscles or even mmor muscle 
groups Some six developmental factors can be recognized and listed, as 
follows 

1 A change in dtrectfon of muscle fibers from the onginal cranio caudal 
orientation in the myotome The fibers of but fen muscles retain their 
initial onentation parallel to the long axis of the body 

2 A imgraiion of muscle pnmordia, wholly or in part, to more or less 
remote regions Thus the Intissitnus dorsi originates from cervical myo- 
tomes but finally attaches to the loner tlioracic and lumbar vertebras and 
to the crest of the ihum A shift m tJie opposite direction is shown by the 
facial musculature of expression which takes ongin in the second branchial 
arches The muscles of the v«itral trunk illustrate ventral growth from 
the dorsally placed myotomes 
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3 A fusion of portions of successive m\ otomes into a composite muscle 
Both the rectus abdominis and the sacro bpinahs illustrate this process 

4 A longitudinal splitting of m^otomes or branchial-arch muscle pn- 
mordia into subdivisions One c\ample is found in the sterno- and omo- 
hyoid, another in the trapezius and stemo mastoid 

5 A tangential splitting into two or more layers The oblique and the 
transverse muscles of the abdomen arc formed in this common viay 



pnmordial hip bone and the border vein show B, At *o mm {X 4 5) 


Muscles of the Neck and Trunk — ^The previous chapter has explained 
how the myotomes come to alternate with the permanent vertebrae (Figs 
338 and 339 B) From them arise not only the dorsal musculature, but 
also the lateral and ventral muscles of the thoracic and abdominal walls 
n embryos 10 mm long, all the myotomes have fused superficially, while 
ventral extensions have also grown out from those of the cervical and thoracic 
regions (Fig 366 A) In this manner segmentation invades the somato- 
Peure as a secondary phenomenon, in fishes the onginal myotomic seg- 
n^ents remain distinct throughout the trunk Nevertheless, at the 10 mm 
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stage a dorsal longitudinal column of fused myotomes on each side can still 
be distinguished from the sheets produced from their combined ventral 
prolongations (Fig 366 A) 

From the superficial portions of the two dorsal mjotomic columns there 
ansc, by longitudinal and tangential splitting, the vanous long imtscLs oj 
the back and neck innervated by the dorsal rami of the spinal nerves (Fig 
366 B) The deepest portions of the myotomes do not fuse but give nse 
to the several interccricbral innscles which thus retain their pnmitive seg 
mental arrangement This spinal musculature was pnmitively a powerful 
sculling mechanism — the firet locomotor apparatus of vertebrates 

The muscles oj the mck, other than those innervated by the dorsal rami 
just mentioned and those arising from the brancliial arches, difTcrcntiate 
from ventral e\tensions of the cervical myotomes The muscles of the 




Pig 367 — ^Early des elopment ot the hu 
man penneal muscles (Le^is, after Popowsky) 
A, At two months B, at three months 


Scapula 
Muscles 
~}lumarus 



Fig 368 — Muscle pnmordia of the human 
arm, at 16 mm (X 18) 


diaphragm, which in early stages lies at this high level, appear to have a 
like ongin In similar manner the thoraco-abdoimnal muscles anse from 
expansive ventral prolongations of the thoracic myotomes which grow into 
the body wall along with the nbs (Figs 204 and 366) The ventral exten- 
sions of the lumbar myotomes (except the first) and of the first two sacral 
myotomes do not participate in the formation of the body wall If they 
persist at all, it is possible that they contribute to the formation of the lower 
hmbs The ventral portions of the third and fourth sacral myotomes are 
represented however, by the lexator am and coccygeus muscles 

The penneal muscles develop somewhat tardily, apparently from ventral 
portions of the third and fourth sacral myotomes Temporarily there is a 
common cloacal sphincter (Fig 367 A), but this undergoes subdivision in 
conformity with the partitioning of the cloaca into rectal and urogemtal 
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canals The more dorsal of the secondarj sphincters persists as the external 
anal sphincter, while the \entral sphincter differentiates into the \anous 
muscles of the urogenital region {B) 

Muscles of the Limbs — In sharks and rays it is clear that buds from 
the m\otomes groi\ into the embryonic fins and there break doiin into 
mesenchyme that is the source of the fin muscles With higher vertebrates 
this IS not so clearlj the case, and in birds and mammals a direct m>otomic 
origin of the muscles of the appendages is usually denied In this connec- 
tion It should be emphasized that the segmental nerve supply of the limb 
muscles of higher animals is merelj suggestive, not proof, of a myotomic 
ongin Nevertheless, a diffuse migration of cells from the ventral edges of 
human cervical mjotomes has been claimed b> several investigators,^® and 
even myotomic extensions toward the limbs arc now on record ^ These 
cells soon lose their epithelioid character and blend with the undifferentiated 
mesenchyme of the limb buds The limb tissue, of seemingly mixed origin, 
condenses into premuscle masses at about the 9 mm stage (Figs 366 A 
and 368) From them the girdle- and limb muscles differentiate, the prox- 
imal ones are the first to appear and, at any level, the extensors sooner than 
the flexors The progressive modeling of distinct muscles reaches the level 
of the hand and foot in embryos of seven weeks (Fig 366 B) The upper 
limbs naturally maintain an advance over the lower throughout develop- 
ment Due to the opposite rotations of the arms and legs m reaching their 
definitive positions (p 185). the muscles on the inner side of one set of limbs 
are homologous to those on the outer side of the other 

of the Head — Except at the base, definite somites do not occur 
in the head region It is possible, however, that a distinct mass of compact 
mesenchyme, from which the eye muscles of man are developed, is com- 
parable to three specialized myotomic segments (so-called hcad-caaties) 
having a similar fate in the shark (Fig 369 A) Of interest in this regard 
is the fact that the muscles of the eyeballs are activated by the third, fourth 
and sixth pairs of cranial nerves, all of these nerves are somatic motor in 
nature and thus are of the same type as those innervating other muscles 
derived from typical myotomes 

The remaining muscles of the head differ from all other skeletal muscles 
m that they anse from the lateral, uncleft mesoderm of the branchial arches 
and are innervated by nerves (visceral) of a different category from those 
(somatic) that supply myotomic muscles (p 459) The muscles derived 
from the several arches retain their primitive branchial-arch innervation 
(Fig 360 A and table, p 178) Hence it follows that the mesoderm of the 
first branchial arch not only gives nse to the muscles of mastication but also 
that these are associated with the tngemmal (fifth) nerve Similarly, the 
muscles of expression, and all other muscles supplied by the facial (seventh) 
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nerve, onginate from (orh>oid) arch (/?) The third arch appears 

to be the source of muscles, like the pharjngcal constnetors, that receive 
branches of the glossopharjngeal (ninth) nerve The Jourih and fifth arches 
share the vagus (tenth) nerve, it mnervates their dcnvatives, such as the 
laryngeal muscles and part of the phar> ng«il and palate group The acccs 
sory, (eleventh) nerve, really a part of the vagus complex, innervates the 
stemo-mastoid and trapezius muscles which arc usually regarded as of 
branchial-arch ongm 

The muscles of die longue arc supplied by the hypoglossal (twelfth) 
nerve, onginally a member of the spinal senes For this reason it is sus 
peeled that these muscles arc derived from tnyotomes of the occipital region 
Histoncally this assumption is undoubtedly true, and a continuation of the 



Pig 369 — Deveiopment of the muscles of th« human head A Preawscle masses at 8 mm 
(X 10) The follonnftg muscles arc identified bj their numbered ennui nerves ocuhr (III, IV 
VI) masticatorj (V) facial (VII) phar>ngcal (IM la-ryngeal and pahtine {\) stemo-mastoid 
and trapezius (\I) lingual (\1I) B Superficial muscles of the head at seven weeks (after 
Fvitanrnr-v X 4) the distnbutvin of the facial nerve is also shown 


same method of ongin in present-day cmbiyos is held by some authorities 
as highly probable even though not yet demonstrated A more objective 
interpretation in the absence of any direct proof of migration favors an 
«i Situ development from the mesoderm of the floor of the mouth ” 

Segmentatioa of the Vertebrate Head — ^The vertebrate bead consists of fused seg 
ments This was suggested to the earlier workers by the arrangement of the branchial 
arches {brofichtonKrism), by the presence of supposedly significant ‘neuromeres’ in the 
brain wall (p 43S)i discovery, jo the embryos of lower vertebrates of specialized 

somites (the so-called head-caviUes) “ 

Only the first three head cavities persist they resolve into the eye muscles All the 
remammg muscles of the head are derived from branchiomeres Even assuming that the 
branchiomeres represent portions of the primary head sonutes— and there are sufficient 
observations which tend tp disprove this— thmr segmentatiim still is not comparable to that 
of the trunk this is because the branchial arches onginate through the serial division of 
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lateral mesoderm, tissue which m the trunk ne\ef segments The branchial arches, there- 
fore, represent a different sort of metamensm'* From what has been said it is evident that 
one cannot compare the relation of the cranial nerves to the branchiomeric muscles with the 
relation of a spinal nerve to its mjotomic muscles Because of this, the cranial nerves fur 
nish unreliable evidence as to the pnmitive number of cephalic segments Various investi- 
gators have set this hjpothetical number between eight and nineteen 

Anomalies — Sometimes a whole muscle or a part of a compound muscle is lacking be 
cause of agenesis Some muscles, not normallv found, are occasionallv represented, while 
other constant components maj have abnormal rdations or attachments since both condi- 
tions simulate features found regiilarlv m lower pnmates, these occurrences are v lew ed as an 
expression of atavism Numerous vestigial muscles are represented regularly {eg, ear, 
scalp) or occasionally (e g , elevator of clavicle, stemalis tail muscles) Variations in the 
form, position and attachments of the muscles are common Most muscular anomalies 
are referable to an ov or- or undercxpression of particular dev clopmental factors, as listed 
onp 394 
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ECTODERMAL DERIVATIVES 
CHAPTER XVIII 
THE INTEGUMENTARY SYSTEM 

The contnbutrons of ectoderm to the oral, nasal and anal cavities, and 
specificallj to the development of teeth, tongue, palate and salivary glands, 
are described in earlier chapters Here xvill be presented the histogenesis 
of the skin and the development of its specialized dcnvativcs 

THE SKIN 

The integument is an organ of double origin Its superficial compo- 
nent IS a stratified epithelium called the epidermis, specialized from the 
ectoderm The epidermis lies upon a fibrous cortum of mesodermal ongin 

The Epidermis — The embr>omc ectoderm is originally a single sheet 
of cuboidal cells (Fig 370 A), but in the fifth week it begins to add a second 
layer (B) The outer cells make up a distinct, transient layer named the 
periderm Its cells flatten and htcr spread to several times the diameter 
of the deeper cells The basal cells, of cuboidal shape, arc the reproducing 
elements that gradually give nse to new layers above them Dunng the 
third and fourth months the epidermis is typically three-Iajcred, an inter- 
mediate stratum bemg gradually interposed between the basal and penderm 
cells {C, D) 

After the fourth month the epidermis becomes highly stratified and 
specialized (Fig 370 E, F) The deepest layer (basal cells) and its im- 
mediate descendants in the layers next above (pnckle cells) constitute the 
definitive siratuni gcrnnnatniim It contains the actively dividing cells of 
the epidermis Daughter cells of this layer are crowded upward by still 
newer ones, and these outer layers undergo progressive comification as they 
approach the free surface Thus, directly above the germinative cells is 
the thin stratum gramiloswn, containing keratohyalin granules Next higher 
lies the thin and clear stratum luetdum whose content is a fluid eleidin, sup- 
posed to represent softened and fused keratohyalin granules Still nearer 
the surface, the epidermal cells flatten steadily and comprise the many- 
layered stratum corneum The thickened ectoplasm becomes comified in a 
way not well understood, and the epidermis thereby loses its primitive 
transparency More centrally in the cytoplasm of these cells a fatty 
substance collects that is considered to be transformed eleidm (para-eleidm) 
400 
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Nevertlieles'5, it is only in the thichened epidennis of the palm and 
sole that all the layers just mentioned are distinguishable, over the general 
bod> surface the granular and lucid strata are not clearly represented In 
a feu regions, like the margin of the hp, cornification is slight Pigment 
granules appear soon after birth in the cells of the stratum germinativum, 
these granules are probably elaborated by the cytoplasm of the epidermal 
cells themselves ‘ Negro infants are quite light in color at birth but begin 
to darken within a few days, at si\ weeks their integument approaches the 
final degree of pigmentation 

When the hairs emerge, at about the siath fetal month, they do not 
penetrate the toughened penderm of the epidermis but loosen or break it 
Hence in mammals this layer is known also hy another name, the cpitnch- 
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Fig 370 — Development of the hum'in skin shown in \erticn) sections X A 4 mm 
B, at 12 mm C at two months, D, it three months C it fi\e months F it birth (X i<io) 


tttjji (1 c , Upon the hair) Desquamated epitnchial and epidermal cells 
mingle with cast-off lanugo hairs and sebaceous secretions to form the pasty 
vermx cascosa that smears the fetal sKm This matenal is alleged to pro- 
tect the epidermis against a macerating influence which otherwise would be 
everted by the ammotic fluid 

The plane of union between epidermis and conum is smooth until early 
m the fourth month when epidermal thickenings grow down into the conum 
of the palm and sole About two months later corresponding elevations 
first appear on thf skin surface (Fig 370 F) These epidermal ndges 
complete their permanent patterns in the second half of fetal life 

The Derma or Conum — ^The fibrous lajcr of the integument in the 
region of the somites is usually traced to cells proliferated from the lateral 
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walls of these segmental dements In consequence, the lateral wall of a 
somite has received the name derwatome, or cutis plate (Fjg ^64) * Evi 
dence m support of this daim is not plain m mammals and it has been 
urged that the so called dermatome reilly belongs to the mjotomc* In 
this event, the conum must difTcrcntiate from non spcafic mescnch>mc 
subjacent to the epidermis, most of which comes from the lateral sheets of 
somatic mesoderm 

Collagenous fibers differentiate in the third month and clastic fibers 
considerably later Only gradually docs a distinction betw eca the compact 
conum proper and the looser, subcutaneous tissue become recognisable 

(F*g 370 /*) Latcfi fat develops 
abundantly in the subcutaneous 
layer, while some of the conal cells 
acquire pigment granules Certain 
areas in the sacral region tend to be 
heavily pigmented, they are named 
'Mongolian spots* since they occur 
regularly m children of the yellow 


Tig 371 — Diagram of the dutribut«<m of Pig $72 — Severe ich>thj 051s in a human nen 
the segmental spinal nerves to dennatomic boro 

cutaneous areas 

race Columnar papilla; project upward from the conum into the genrn- 
native stratum, the dermal papilla; are of two kinds depending on whether 
they contain blood vessels or nerve endings The skin is innervated by seg- 
mental spinal nerves that supply successive, nng-like bands or zones of the 
integument (Fig J71) These are the so-called dermatomic areas 

Anomalies — The deposition of pigment m the epidermis and elsewhere mav fail (of- 
bintsm) or be overabundant imelanum) Sudi defective pigmentation sometimes i^ects 
local areiw onlv iVani are either pigmented q»ts (‘moles') or purple discolorations caused 
by cavernous vascular plexuses m the cornua (‘birth marks’) Ichihyosis designates an 
excessive thickening of the stratum corneum In severe cases there are homj plates sepa 
rated by deep craclis, like the skin of reptiles (Fig 373) Dermoid cysts (p 392), resulting 
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from epidermal inclusions are not infrequent along the lines of fusion of embrj onic struc- 
tures (f g , branchial grooves, mid dorsal and midventral bod> w ill) 

THE NAILS 

Nails are modifications of the epidermis that correspond to the claws 
and hoofs of lower mammals The first indication of a nail is foreshadow ed 
at ten weeks by a thickened area of epidermis {nail field) on the dorsum of 
each digit (Fig 373 /I) This becomes bounded b> an elevated wall under 
which it soon grows in a proximal direction almost to the articulation of the 
terminal phalanx {B) Splitting of this plate gives origin to the proximal 
nail fold, continuous Iaterall> on each side with a shallow^ lateral nail fold 



fiG 373 — Dc\ elopment of the human nail vl. Dorsum of finger at ten weeks (KoUmann 
X 10) B Longitudinal section at fourteen weeks (X 33) C, 1 ongitudmil section at birth 

(X 15) 


Although the pnmitive nail field undergoes some local comification 
(‘false nail’, Fig 373 B), the matcnal of the true nail is developed wnthin 
the under lajer of the proximal nail fold This layer is accordingly named 
the matrix {C) During the fifth month specialized keratin fibrils differen- 
tiate in the matrix layer, without having passed through a keratohyalin or 
eleidin stage as in the ordinary method of comification ^ The keratinized 
cells flatten and consolidate into the compact tissue of which the nail plate 
is composed In this manner the nail substance differentiates in the prox- 
imal nail fold as far distad as the outer edge of the lunula (the W'hitish 
crescent at the base of the exposed nail), but not beyond it The nail plate 
merely shifts progressively over the nail bed and reaches the tip of the finger 
one month before birth As might be expected, the nails of the toes are 
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completed slightly later than the finger nails The conum beneath the nail 
IS thrown into parallel longitudinal folds which arc said to produce the 
characteristic ndging and grooves 

The stratum comeum and penderm of the epidermis for a time co\er 
completely theirec nail and are jointly tenned the cponychium {t c, upon 
the nail, Fig 373 C) In late fetuses this is lost, but portions of the homy 
layer continue to adhere to the nail plate along the curved nm of the nail 
fold Underneath the free end of the nail the epidermal cells also accumulate 
to constitute a piled*up epidermal mass known as the /n pou^cliitiiu, or sub 
stance beneath the nail, this region is much more important in a claw, and 
still more so in a hoof where it forms the ‘sole ' The opacity of the lunula 
has been interpreted vanously 

Anomalies — \bscnce of natls (anonyc/tiii) is recorded 
THE HAIR 

Hairs are specialized epidermal threads produced only by mammals 
The comparative hairlessncss of man today is a character acquired wathin 
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Fio 374— RchtJOn of hair proups lo scales A, ArTani,emcnt on the opossums tail (after 
Danforth and de Meijere) B Amnpement in tlie humm fetus mth h>pothcticaI dermal 
scales drawTi in (after Stdhr) 

relatively recent times Since it is similar to the condition found in late 
fetuses of anthropoid apes this reduced hainness is regarded as an example 
of arrested development Hairs tend to be grouped in threes or fives, wath 
the central one larger, and also to be arranged in lines These relations 
are interpreted as the survival of a pnmitive mimmahan condition m 
which the hairs stood in definite relatiorl to scales which covered the skin, 
after the manner still seen m certain living forms (Fig 374) 

Hairs begm to develop early m the third month on the eyebrows, 
upper lip and chin those of the general integument onginate one month 
later The first evidence of a future hair is the crowding and elongation 
of a cluster of germinative cells in the epidermis (Fig 375 A) Their bases 
sink root'like into the conum, and active proliferation soon produces a 
cylindncal, epithelial peg (B) At this stage the, hair follicle consists of 
an outer wall of columnar cells, continuous with the basal layer of the 
epidermis, and an internal mass of polyhedral cells About the w'hole is 
a mesenchymal investment (the later connective-tissue sheath), and at the 
clubbed base the mesenchyme condenses mto a mound-hke papilla 
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As development proceeds and the hair peg pushes deeper into the 
conuin, Its base enlarges into the bulb which becomes molded over the 
papilla (Pig 375 C) The actual hair substance is a proliferation from the 
basal epidermal cells lying ne\t the papilla (Fig 376) These cells give 
nse to an a\ial core, destined to become the inner epithelial sheath and shaft, 
which grows upward toward the surface Quite distinct are the penpheral 
cells on the sides of the onginal downgrowth, which compnse the outer 
epithelial sheath 

The joung hair shaft groi\s by the steady addition of nei\ cells in the 
bulb In this manner it is pushed up through the central cells of the solid, 
primordial follicle and is molded into shape by the organizing inner sheath 
The shaft finally reaches the epidermis, follows along a hair canal in it 



Fig 375 -^Human hair follitleb at thrte months show nm longitudinal section (Prentiss) X 330 
Three stages (A B ind C) are included 

(Fig 378 A), and erupts at the surface Above the le\el of the bulb, the 
cells of the hair shaft comify and difierentuite into an outer cuticle, middle 
cortex, and central (inconstant) medulla Two swellings of the outer epi- 
dermal sheath appear on the low'er side of the obliquely directed follicle 
(Fig 376 ) The upper of these becomes the sebaceous gland, which will 
remain permanently associated with the hair, the deeper swelling is the 
epithelial bed, a region of rapid mitosis that contnbutes to the growth of 
the penodically regenerating hair folhde Mesenchymal tissue near the 
epithelial bed transforms into the smooth fibers of the arrector pih muscle, 
which attaches to the side of the follicle Pigment granules develop early 
in the basal cells of the hair, such cells are earned upward along with other 
hair cells and cause the characteristic coloration 
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The first generation of fetal hairs is a downy coat termed lanugo It 
constitutes a dense co\cnng to the body, prominent by the seventh month 
Lanugo hairs are short-lived, all being cast off either before birth or soon 
afterward The replacing hairs develop, at least in part, from new follicles 
Thereafter hair is shed and formed anew periodically throughout life At 
the termination of any growth cycle the hair is earned upward by its short- 



Fig 376 —Human hair follicle, at six months shown m longitudinal section (after Swhr) X 220 



Fig 377 — ^Hypertrichosis of the forehead and nose 

ening, regressive follicle After a tune the folhcle reorganizes and begins 
to elaborate a new hair in the manner already described (Fig 378 B) 

Some hairs remain permanently of the lanugo type in the female such 
occur on the face, neck and trunk, m the male, on the face (except beard), 
the flexor surface of the upper arms and various regions of the trunk The 
replacing hairs of the brows, eyelashes and scalp of children are progreo- 
sively larger and coarser than the first set Under the influence of hor- 
mones and especially those of the gonads coarser and darker hairs appear 
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at puberty on the pubis and axilla of both sexes and on the face and trunk 
of the male The hair coat shows definite, directional patterns (streams, 
w horls) These are established by similar angular slants of the hair follicles 
at their first development in any local region 


knomslies-^lIypcrlrKhoSis refers to excessive hainness which may be localized (Fig 
341) or genenl, as m exhibited ‘hair> monsters’ (f ig 37 ?) It is undecided whether this is 
due to an augmented development of the later hair follicles or to a persistent o\ crgroivth of 
lanugo In the rare hy potrichosts the congenital absence of hair ma> be complete {ainchia ) , 
It IS usuallj associated nith defective teeth and nails 




Fig 378-^Human cutaneous glands A, Early stage in the development of a sebaceous 
gland and a sweat gland, both m assocntion with a hair follicle {after PmXus X 125) 5 , Later 
sebaceous gland connected to the follicle of a lanugo hair which is being replaced by a coarser 
hair (X 80) 


SEBACEOUS GLANDS 

Most of the sebaceous glands accompany hairs However, some inde- 
pendent ones, such as those on the gemtaha, anus, nostnls and upper eye- 
lids develop from the general epidermis Many of these do not organize 
until after birth 

Gland pnmordia appear first in the fifth month as swellings on the 
outer epithelial sheaths of the hair follicles (Fig 376 C) The swelling 
becomes a lobulated, flask-shaped sac whose lumen anses by the fatty 
degeneration of the central cells (Fig 37S) The resultant oily secretion 
IS an important constituent of vemix caseosa (p 401) , it is usually credited 
with helping to preserve the fetal skin from maceration Cells in the neck 
of a sac are the reproducing elements Throughout life they supply new 
cells, which are forced centrad and dismtegrate m the process of oil elabo- 
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ration Such a gland is Iwlocrmc (i c , the secretion consists of altered gland 
cells themselves) 

Anomalies — Congcnitnl occlusion of the ducts of sclnccoiis ghnds can lead to tlic 
formation of sebaceous evsts, such as the ‘nens located on the scalp It is possible that 
some cjsts anse through the displacement and growth of epithelial remnants of other hinds 

SWEAT GLANDS 

Sudoriferous glands first begin to develop in the fourth month from 
the deep epidermal ndges of the finger tips palms of the hands, and soles 
of the feet They arc formed as solid, cylindncal ingrowths, but differ 
from hair pnmordn in being more compact and in lacking the mcscnchvmal 
papill c at their bases (Fig 379 A, B) Dunng the sivth month the simple 



Fig 379 — Development of human sweat glands shown m a model of the skin X 40 
Left half gland stages [A-D four to seven months) m longitudinal section Right hilf 
epidermis and glands isolated from the conum 

cords coil and in the seventh month their lumma arse by a hollowing 
process (C, D) An inner layer of cells about the lumen constitutes the 
gland cells By contrast, the outer cells transform into flattened elements 
that are usually considered to be smooth muscle fibers this interpretation 
IS of special interest since such muscular elements would then be ectodermal 
The duct portion of the gland at first ends blindly at the epidermis, but later, 
as cells are replaced dunng the course of grow th m the stratified epithelium, 
a canal is left which continues the duct lumen to the surface 

In certain regions of the body supplied with coarse hairs (pubis, axilla, 
areola, eyehds) there are large, specialized sweat glands These develop 
on the sides of the hair follicles and move upward until they acquire sep- 
arate opemngs on the epidermis (Fig 378 A) * An association with hair 
follicles IS charactenstic for sweat glands in general m most mammals 
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Human glands of this type are apocnne (t e , the tops of their secretory 
cells break awaj along uith the secretion) 

MAMMARY GLANDS 

Mammary glands are peculiar to mammals It is rcm irkable that they 
appear so earl) in dc\ elopment, not only since they arc of use to adults 
alone but also because they are a late acquisition among r ertebrate organs 
Early in the sixth week of human development an ectodermal thick- 
ening extends on each side as a longitudinal band between the bases of 
the hmb buds At about 9 mm it makes a distinct linear elevation that 



Fig 380 — Earlv development o! the humin mammarj gland A, Unusually prominent 
mammary ndge at 13 mm (after Kollmann X 5) B~D Vertical sections of gland pnmordia 
at SIX rveeks nine weeks and four months, respectively (X 80} 


has been called the mammary rtdgc, or uiilk line (Fig 380 ^ 4 ) In man 
this usually IS inconspicuous except in the pectoral region, and in an} event 
all but the cranial third normally vanishes quickly ® By contrast, louer 
mammals vith senally repeated glands, like the pig, have a prominent milk 
line extending from axilla to groin (Fig 548) 

Each human mammarj gland begins as one of several localized thick- 
enings on the corresponding epidermal milk line in the region of the future 
breast At first lens-shaped (Fig 380 B), the pnmordium gradually be- 
comes globular (C), and then bulbous and lobed (D) Duntig the fifth month 
from 15 to 20 solid cords bud inward into the conal connective tissue 
(Fig 3S1) These primary nnlk ditch branch, but acim are a ver} late 
feature Two or three months later lumina appear by hollowing Mean- 
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while the free surface of the pnmonlmm flattens and deepens into a pit into 
which the ducts open (Fig 382) About the time of birth this sunken area 
elevates into the uipplc ihc anola is first rccogni^'ilile as a circular area, 
free of hair pnmordia but acquiring branched areolar glands (of Montgomery) 
m the fifth month (Fig 382) 


A 


B 

Pjo 381 -~l.ater development ot the human mammary ghnd, shown by models (after Bromaa 
andLusUg) A, At fourteen weeks (X 45) B, at five months (X 45) C, at six months (X 30) 



The male glands do not advance much bejond the infantile condition 
In the female the areolar region becomes elev ated before puberty, where- 
upon this stage is followed by a rapid enlargement (through fat deposition 
about the growing ducts) until the breast is a hemisphere beanng the areola 
and nipple at its ape\ (Fig 3S3) The mammie are further augmented 
dunng pregnancy, the epithelial el«nents advancing greatly both in bulk 
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and structural differentiation Tv,o or three days after partuntion the 
glands become functionally active This culmination of development is a 
response to hormonal stimulation In this process, the ovanan secretions 
excite the preliminaiy changes, whereas the antenor lobe of the hj^pophxsis 
IS the final activator responsible for actual lactation The mammary glands 
of the newborn of both sexes also yield a little secretion (‘witch milk’) 
within a few days after birth Their activity at this time depends upon 
the presence in the blood of the same hormones, as the result of placental 
permeability, that bnng about lactation m the mother ® 

The mammary glands are regarded by most authorities as modified 
sweat glands of the apocnne tjpc This homolog}” is made because their 
development is similar and because in the lowest mammals their structure 



Fic 383 —Profiles of the female breast after birth Fio 384 — Accessor> manunaj on 

the adult abdomen The courses of 
the embrjomc mdk Imes are also indi 
caled, and the commonest locations 
of mammary rudiments are marked 
by dots 

IS the same Moreover, rudimentary mammary glands (the areolar glands), 
which also resemble sweat glands, occur about the nipple In many mam- 
mals several pairs of mammary glands are dex eloped along the milk line 
(pig, dog), in some a single pair occupies the pectoral region (primates, 
elephant), in others they are confined to the inguinal region (sheep, cow, 
horse) ’ 

Anomalies — ^Absence of the mainniar> glands (amasita), retention of the prepubertal 
condition (vitcromaslia) and the attainment of abnormal size {macromaslia) are all knowm 
In some instances the male develops a breast, more or less of the female tjpe (gwccomasiia) 
This condition has a tendencj to be associated ruth hermaphroditism or other abnormalities 
of the sexual organs Two examples of actual milk secretion b> an adult male have been 
recorded ’ Supemumerarj mammar> glands (hypermasUa) are quite rare, but accessorv 
nipples Qiy perihelia) are fairly common m both sexes It is said that at least i per cent 
of large populations ma> show traces of them * They occur chieflj between the axilla and 
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groin nnd represent indcpcncitnt tlilTcrcnliilitwis niong the pnmiluc milk line, such as occur 
normally in some mammals (I ij, 384) 
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CHAPTER XIX 

THE CENTRAL NERVOUS SYSTEM 

HISTOGHIESIS OF THE NERVOUS TISSUES 

Both the nervous sjstem and the sensory epitheha are derived from 
portions of the primitive intcgiiment The basis of most of the nervous 
system is a thickened hand of ectoderm {ucural plak ) along the mid-dorsal 
line of the embryo (Fig 393) This tissue is determined neiirally by induc- 
tion , in amphibians it occurs at the gastrula stage At first the neural plate 
IS flat and but a single layer of cells thick Hon ever it rapidly becomes 
stratified and the growth rate differs at the margins and in the midplane 
(Fig 3S5 A) ‘ As a result of such unequal growth the plate is folded into 



huimn embrjos X 125 

a neural grooje by the time somites arc appearing, the groove itself is 
bounded on each side by an elevated neural fold (B, C) The groove con- 
tinues to deepen and the thickened neurnl folds presently meet and fuse 
dorsally, thereby rolling the onginal plate into a neural tube (D) At the 
completion of this process the tube lies below the surface of the ectoderm 
and IS detached from it 

Along the line of junction of the neural plate with the general ecto- 
derm a longitudinal band of cells appears on each side (Fig 389) This is 
the neural {ganglionic) ertsi, from rvhich are derived the ganglion cells of 
both the cranial and spinal ganglia and perhaps, of the sympathetic gan- 
glia as w ell The neural-tube substance gives nse to the remaining nervous 
elements with two exceptions these are the nerve cells and fibers of the 
413 
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olfactory epithelium and certain crinial ganglia that receive contributions 
from special epidermal thickenings called placodes • ’ 

At the beginning of its development, the neural tube is composed of 
undifferentiated, proliferative epithelium Its daughter cells adopt two 
lines of specialization (Fig 387) One leads toward ncnc cells, m which 
imtability and conductivity have become predominant functions, the 
other course is toward ependymal and nenrogha cells, which constitute the 
distinctive supporting tissue of the nervous system 

The formative nerve cell is a nettrohlasi, it passes through a bipolar 
stage, with a process at each end, to a multipolar stage or immediate pre- 
cursor of the typical neuron of the central nervous system The spongxo- 


MarginaHayer Mantle layer Lpendymal layer 
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Fig 386 — Differentiation of the wall of the neural tube (Hardesty) X 690 A , Stage of the 
neural plate B, at 5 mm C at 10 mm 


blast is the forerunner both of the ependymal cells and of neuroglia cells 
known as astrocytes Some spongioblasts are migratory in nature these 
differentiate into oligodciidrogha and into astrocytes, as well It has been 
claimed that migratory spongioblasts can also convert into neuroblasts, ^ 
but this interpretation is open to grave doubt ® 

The wall of the neural tube, denved from an earlier single layer of 
columnar cells (Fig 386 A), rapidly becomes many-layered (B), in doing 
this the component cells lose their sharp outlines and seemmgly resolve into 
a compact syncytium, which is bounded on its outer and inner surfaces 
by an external and mternal hmtlmg membrane, respectively (C) ® Some, 
however, mamtam that the resemblance to a syncytium is an artefact and 
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the constituent cells are always distinct^® Iniomm embr> os the elements 
of such a system are arranged radially and nearly parallel (Q At this 
stage the neural tube is sufficiently organized so that three Ia>ers may be 
distinguished (i) an inner cpijjdymal zone, uith its cell bodies abutting on 
the internal limiting membrane and their processes extending penpherally, 
(2) a middle, nucleated mantle zone, demed by proliferation of the inner- 
most cells, and (3) an outer, noncellular margma? zone, into i\hich the nerve 
processes (nerve fibers) grow 

The ependymal zone, originally the uppermost stratum of the neural- 
plate stage, not only contains the inertly supporting ependjmal cells but 
also mitotic stem cells The mantle lajer makes up the future gray sub- 
stance of the central nervous system, it is predominantly cellular in struc- 
ture and contains the cell bodies of the neurons and many neuroglia cells 

Neuro.1 epitKehum 


(e@0 



FiG 387 — Diagram illustrating the lineage of cells in the neunl tube 


The marginal layer is a fibrous mesh that provides a basis into which the 
processes of nerve cells grow and reach their destinations, thereby neuron 
IS linked with neuron and center with center It becomes the white sub- 
stance of both the brain and spinal cord The details of the transformation 
of neuroblasts into neurons and spongioblasts into ependyma and neuroglia 
will occupy the descnptions that follow 

The DiSerentiation of Neuroblasts — The neuroblasts are embryonic 
nerve cells which finally lose the power of division, develop cell processes 
and convert into definitive neurons A neuron is the structural and func- 
tional unit of nervous tii^^ it consists of anerve c ell with all it^processes 
Mitosis among neurobl^s ceases during the first year of postnatal life, 
although many have completed their prohferative course long before birth* 
Thereafter the nervous system matures and enlarges, but the capacity of 
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cell division is forever lost Ihc total number of neurons contained in the 
nervous system is remarkably constant, and this regardless of the size of 
the individual 

The origin of the nerve fibers as extensions from the ncurobhsts is 
easiest understood m the development of the root fibers of the spinal nerves 

The Dcvclopmciii oj LJJcrcnt Nettrom — Toward the end of the first 
month ncuroblasts separate from the general 's>nc> tium’ m the mantle la>cr 
of the neural tube '' Ihc >oung, bipolar ncuroblasts become pear-shaped, 
and from the small end ofnliC'ccll a slender primary process grows out 
(Fig 388) This process is the OAo«, or axis cylinder Such pnmary' proc 
esses may course in the marginal layer of the neural tube, or penetrate 



A 



Fig 388 — Differentiation and growth of human ncuroblasts A Spiml cord m tran % erse 
section left at 4 mm (X 225) and right at 5 mm (X 140) B Two ncuroblasts demonstratmg 
neurofibnls and the enlarged growing tip {Cajal X 500) 


the marginal layer ventrolaterally to emerge as a icniral root of a spmal 
nerve (Fig 388 A) In a similar manner the efferent fibers of the cr inial 
nerves grow out from neuroblasts of the brain wall Within the cytoplasm 
of even young nerve cells and their pnmary processes fine nenrofibrtllcD can 
readily be demonstrated by selective stainmg methods as elements distinct 
from mitochondria Nissl granules and other cytoplasmic constituents (Fig 
388 B) Their visibility in living cells has been asserted and denied m 
recent years ® There is no proof that neurofibnllffi are the conducting 
elements through which nervous impulses are transmitted, and their func- 
tions remain unknown The cell bodies of the efferent neurons soon become 
multipolar by the development of branched secondary processes, the 
dendrons (or dendnies) 
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Development of the Gangha and Afferent Neurons —After the formation 
of the neural plate and groore. a longitudinal ndge of cells appears on each 
side where the ectoderm and neural plate join (Fig sSg^A) This ndge 
of ectodermal cells is called the n curaK janglwn) crest— ^Somc emphasize its 
ongm from the lateral part of the neural plate,® '• iihile others find that the 
adjoining body ectoderm also contributes to its substance * dVhen the 
neural folds become a tube and the ectoderm separates from it, the cells 
of the ganglion crests overlie the neural tube like a wedge and complete its 
closure (B) As development continues they separate into right and left 
linear halves, distinct from the neural tube, and settle to a position between 
the tube and the mvotomes (Q On its arnval in this location the ganglion 
crest is a cellular band evtending the full length of the spinal cord and far 



Fic 389 — Development of the hiimnn neural crest A-C, Successne stages at 2 5 mm , m 
transverse section (Lenhossek X 3 So) D Model of the earl> spinal cord and beaded crest 
(Kingsley) 


cephalad along the bram wall’ At regular intervals, agreeing with the 
position of mesodermal segments, the proliferating cells of the crest give 
rise to bead-like enlargements, the spiral sanglia {D) The senally repeated 
spinal ganglia of each side are interconnected for a short time b> parts of 
the ongmally continuous crest substance (Fig 437), but these bndges soon 
disappear (Fig 438) In the hmd-brain region, ganglia of the cranial nerves 
develop also from the crest but differ in not being segmentally arranged 
The cells of the ganglion pnmordia differentiate into g^glton cells and 
supporting cells, groups that are comparable to the neurobTasts and spongio- 
^ blasts of the neural tube The neuroblastic cells of the gangha elongate 
into fusiform elements, and by developing a pnmary process at each end 
transform into neurons of the bipolar type (Fig 388 4 ) The growing 
processes that are directed toward the neural tube converge into distinct 
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cell division is forever lost The total number of neurons contained in the 
nervous system is remarkably constant, and this regardless of the size of 
the individual 

The ongm of the nerve fibers as extensions from the neuroblasts is 
easiest understood in the development of the root fibers of the spinal nerves 

The Dcvclol^mutt of IZJfcrcnt Natrons — Toward the end of the first 
month ncuroblasts separate from the general ‘sync> tium’ in the mantle la>er 
of the neural tube The young, bipolar ncuroblasts become pear-shaped 
and from the small end of thc'ccll a slender pnmarj' process grows out 
(Fig 388) T his process IS the oxa«, or axis ejlindcr Such pnmar> proc- 
esses may course m the marginal layer of the neural tube, or penetrate 
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Fig 388 — Differentiation and growth of human ncurobbsts A Spinal cord m transverse 
section left at 4 mm (X 22‘5) and nght at 5 mm (X 140) £, Two ncuroblasts demonstrating 

neurofibnis and the enhrged growing tip (Cajal X 500) 


the marginal layer ventrolaterally to emerge as a ventral root of a spinal 
nerve (Fig 388 A) In a similar manner the efferent fibers of the cranial 
nerves grow out from neuroblasts of the brain wall Within the cytoplasm 
of even young nerve cells and their pnmary processes fine ncnrojibrtllat can 
readily be demonstrated by selective staining methods as elements distinct 
from mitochondria Nissl granules and other cytoplasmic constituents (Fig 
388 B) Their visibility m living cells has been asserted and denied in 
recent years ® There is no proof that neurofibnllse are the conducting 
elements through which nervous impulses are transmitted, and their func- 
tions remain unknown The cell bodies of the efferent neurons soon become 
multipolar by the development of branched secondary processes, the 
dendrons (or dendrites) 
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Differentiation of the Supporting Elements — Supporting Elements of 
the Neural Tube — The brain and spinal cord are given stability by ecto- 
dermal, interstitial tissue in the form of ependymal cells, which bound the 
spinal canal and extend outward toward the periphery, and by neuroglia 
cells which are more irregularly distnbuted A preceding paragraph has 
described how the spongioblasts onginate from the undifferentiated colls of 
the neural-plate tissue and become more or less altered The degree and 
direction of this specialization determines whether they result in ependyma 
or neuroglia 



FiO 391 — ^Differentiation of supporting tissue demonstrated in transverse sections of the 
spinal cord (Cajal) A, Growth of ependjmal cells m a chick embrjo of one daj (X 1000) B, 
Epend>mat tissue m a chick embrjo of three days (X 240) C Human embrjo of ten weeks (E, 
ependyma *, neuroglia) (X 45) 


For a while tht spongioblastic elements are radiallj arranged like col- 
umnar epithelium One end, which also contains the nucleus, projects ciha 
into the cavity of the neural canal, in the other direction the cell bodies 
extend even to the periphery of the neural tube (Fig 391 A, B) Those 
spongioblasts that retain their pnmitive shape and position are known as 
ependymal cells {C, ‘Floor plate'), but most spongioblasts differentiate 
further These elements migrate outward and lose their connections with 
the neural canal (C, *), some cells, so displaced, retain a peripheral attach- 
ment, but most abandon both central and distal connections and convert 
into nenrogha cells (Fig 392) It is of interest to note that the several 
developmental stages encountered in mammals merely recapitulate the 
progressive neuroglial conditions found within the chordate group 
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bundles that represent the dorsal roots These penetrate the dorsolateral 
walls of the neural tube, here their fibers bifurcate and course ccphalad and 
caudad in the marginal layer of the spinal cord By means of branched 
end-processes they come in contact uith the neurons of the mantle layer 
The penpheral processes of the ganglion cells complete the dorsal spinal 
roots by passing outward and joining the ventral roots , the pommon bundles, 
thus formed, constitute the trunks of the spinal nenes (Fig 390 /I) Al- 
though bipolar at first, most of the ganglion cells become unipolar in a ^ay 
not surely understood Presumably a part of the cell body draivs out into 



A B 

Fio 390 — Development of a humin penpheral nerve A Spmal cord and nerve, at 7 mm , 
In transverse section (X 120) B Stagesin the transformation of bipolar into umpolarnervecells 
shown in a longitudinal section of the spiml ganglion at ten weeks (Cajal) 

a common stem that bears the two processes at its tip ** In Fig 390 5 
there can be traced various stages between typical bipolar and unipolar 
cells Rarely the bipolar ganglion cells persist in the adult, or develop 
secondary processes and thereby gam a multipolar shape 

In addition to forming the spmal and cerebral ganglion cells, certain 
neuroblasts of the ganglion crest are believed to migrate ventrally and 
differentiate into some of the cells of the sympathetic ganglia, the details 
of this process will be given in a later section Other crest cells become 
encapsulatmg and sheath cells while still others mingle with the general 
mesenchyme The fate of the latter is not easy to follow, but in the am- 
phibian head, at least they can be shown to be responsible for the formation 
of certam cartilages of the branchial region In man a similar contribution 
to the first and second branchial arches is suspected,® but conditions observed 
in the rat throw some doubt on such mterpretations “ 
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sheath cells \\hich migrate penpherallj along vith the developing nerve 
fibers and envelop the a\ons (Fig 447 4 , B) 

Neurilemma Shtaih — Peripheral nerve fibers are enveloped bj a 
cellular sheath (of Schwann) The component cells have two sources of 
ongin Some differentiate from the tissue of the earl} neural crest 
Slightly later many others emerge from the neural tube by w’av of the 
ventral roots '' The young sheath cells are spindle-shaped and enclose 
bundles of nerve fibers Multiplication on the part of the sheath cells then 
separates the bundles into single fibers, each with its own munkmma 

The Sheath —Between the fifth month and the weeks following 

birth a fatt> myehn (medullarj) sluath begins to appear about many nerve 
fibers" It surrounds the chief process (axis cylinder) and in turn, is 
enclosed b> the ncunlemma The origin of the mjclin is in doubt 
some it is believed to be a differentiation of the ncunlemma the m>elm 
being deposited inside the nucleated sheath cell Others regard the mv elm 
as a direct product of the axis c>linder or as an intercullular substance 
precipitated through its influence Still othcre refer to the co operation of 
the neunlemma and axis cylinder The intcgnt> of mj elm is dependent 
at least, upon the nerve cell and axis c>lindcr, for when a nerve is injured it 
prompt!} shows degenorativ'c changes In the central nen ous s} stem there 
are no distinct ncunlemma sheaths investing the fibers Nevertheless, scat- 
tered ‘sheath cells’ are said not onl> to be present but also most numerous 
dunng the period when myclm is differentiating Some trace their ongin 
to the spongioblastic supporting cells of the neural' tube,® wTiile others 
'identif} them with ohgodendrogha * 

'^_The mycliuakd fibers (1 e , those wath a myelin sheath) have a glisten- 
ing, white appearance which gives the charactcnstic color to the white 
substance of the central nervous system and to the penpheral nerv es The 
process of myelin deposition is begun at the middle of fetal life, but is not 
completed until adolescence Man> of the fibers of the central nervous 
system remain unmychnated The same is true of manj fibers in the 
penpheral nerves of the cerebro spinal senes and sympathetic nervous 
s>stem, yet all these are supplied with a ncunlemma sheath 


The Neuron Doctrine — The neuron concept of the development and structure of nerve 
fibers has successfullv withstood adverse criticism since its foundation bv KupfFer (1837) and 
His (:886), mdis gcncrallv accepted todav It repudiates the idea that nerve fibers develop 
rom cell chains or a s> nev tium and holds (i) that all avons and dendntes are true out- 
grow ths from nerve cells and (2) that each neuron remains throughout life a discrete struc- 
tural and functional unit The ev idcnce for this conclusion, as seen m sectioned, dev eloping 
em r>os, has been corroborated b\ direct observation on axon growth dav by dav m living 
poes ana bj proving that nerve cells, isolated m clotted Ijmph, sprout out long proc- 
onverselj it can be shown that the penpheral nerves of amphibian larva: do not 
P It the neural tube and crest arc -emoved * Cntical cjtological observations favor 
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In Its final state the epcnd>mal tissue consists of dements hose nuc/ei 
he next the cavity of the bram or spinal cord, and whose cell bodies radiate 
outw'ard like columnar epithelium Pnmitive ependymal relations are 
clearly retained only at the midplane of the spinal cord and medulla (Fig 
391 C), in other regions the distal processes of cpend>mat cells extend only 
a short distance beyond the cell body Elsewhere m the bram and spinal 
cord the supporting elements arc neuroglia cells, distnbutcd throughout the 
mantle and marginal layers They arc of tw'o moqihologic types (1) astro- 
cytes, stellate in shape and with long processes (Fig 392 A, D), and (2) 
ohgodcndrof'lia, wath a smaller cell body and fewer, finer processes (C) A 
third type, Jiiicrog/ia {D), should be mentioned although it would appear 
that they do not belong devclopmentally, stnictiirally or functionally with 
the true neuroglia In spite of counterclaims,*^ ** these elements, w’hich are 


Fig 392 — Typesof neuroglia cells (after Pcnficld) X 650 A Protophsmicastroc>’te B fibrous 
astrocyte C oligodendroglia cell Z?, microglnl cell 


ameboid phagocytes probably onginate from mesodermal cells ** They 
could, therefore, be appropnately named viesogha 

The astrocytes are derived from full-length primitive spongioblasts, 
from spongioblasts that (due to the thickness of the tube) never connect 
with the periphery, and from wandenng spongioblasts (Fig 387) Astro- 
cytes appear first in the third month Those occupying the gray substance 
are named protoplasmic astrocytes (Fig 392 A) , another type, fibrous astro- 
cytes, develop fibrils within their cytoplasm and are typical of the white 
substance {B) The oligodendroglia, derived solely from migratory 
spongioblasts, arise at a later penod than astrocytes {C) 

Supporting Elements oftheGangha — ^The supportmg cells of the cerebro- 
spmal ganglia at first make up an apparent syncytium, m the meshes of 
which are found the neuroblasts The mterstitial elements differentiate 
both into flattened capsule cells, whidi invest the ganghon cells, and into 





MORPHOGENESIS OF THE CENTRAL NERVOUS SYSTEM 423 

IS not known, •» but is thought to be at the optic recess (Fig 419) But 
even in early stages of neural-tube formation, and before closure enters the 
future brain region, the rostral half of the neural tube has enlarged (and 
‘constncted’ at two points) to indicate the three primary brain icsicks 
(Fig 393) The rest of the neural tube, which remains smaller in diameter, 
IS the spinal cord Its elongation waits on the development of the caudal 
end of the body , in Fig 393 £ closure has progressed only to a low thoracic 
level 

Both the brain and spinal cord share in certain general histogenetic and 
morphogenetic processes, they are preliminary to the acquisition of those 
structural details that specifically characterize these organs As a result 
of such differentiation the entire neural tube at an early penod can be ana- 
1} zed both into concentnc layers and into 
longitudinal stnps The concentnc layer- 
ing IS the outcome of the histogenetic 
differentiation already dcscnbed Vieued 
as a vhole, the neural tube really consists of 
three concentnc ‘tubes,’ which are m order 
395) (i) the inner ependymal layer^ 
bounding the central canal, (2) the middle, 
cellular mantle layer, and (3) the outer, 
fibrous marginal layer The neural tube also 
can be subdivided into six longitudinal 
stnps or bands (Fig 395) The pnmitive 
dorsal and ventral walls are pnmanly 
ependymal in structure and do not partic- 
ipate in the marked thickening that charactenzes the lateral walls, these 
dorsal and ventral walls are named, respectively, (i) the roof plate and (2) 
the floor plate Midway on the inner surface of each lateral v. all is a groove, 
the sulcus limiians, which marks its subdivision into (3, 4) a more dorsal 
alar plate (sensory) and (5, 6) a more ventral basal plate (motor) 

The central nervous sjstcm is relatively large throughout the fetal 
penod Even at birth the brain constitutes 1 1 per cent of the bodj w eight, 
whereas in the adult it is but 2 5 per cent The spinal cord relatively out- 
grow s the brain dunng the postnatal years, increasing from o 9 per cent of 
the brain w eight to 2 per cent 

The meninges serve as closed covenngs to the brain and spinal cord 
Next the neural tube is the delicate pta-arachnoid, which seems to be de- 
nved, at least chiefly, from migrant cells of the neural crest More 
externally, dura mater organizes from the re-arrangement and condensation 
of the surrounding mesenchyme “ It is a distinct membrane at eight 
weeks 



Fig 394 — Antenor neuropore 
shoT\ n m a front \ iei\ of the brnin of 
an eiRhteen somite human embrjo 
(after Sternberg) X 64 
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discontinuit> where procc<;‘«;s and cells of different neurons enme into functional contact 
Collateral evidence is afTonlcd l)j the lichavior of neurons after severance or mjurj .the fibers 
distal to the point of section (and thus isolated from their cell Ixxlics) degenerate, whereas the 
central stumps live and regenerate 

MORPHOGENESIS OF THE CENTRAL NERVOUS SYSTEM 
The primitive neural lube is fashioned by the folding of the neural 
plate into an epithelial tube, as desenbed in the previous section The 
groove begins to close about miduay of its length m emht^os with six somites 
and the closure advances progressively in both directions (Fig jpj) With 
continued growth of the embryo ciudad, the neural groove extends steadily 
in that direction, at first an open trough, it folds into a tube as fast as is 



Fig 393 — Developmental stages of the human neural groove and tube (Streeter) All but 
Si are in dorsal v^etv A Prtsomite embryo with neural plate and pnmilne streaL (X 4®) 
B At three somites, with deep neural groove (X 37) C, At seven somites with closure be- 
ginning midway (X 31) D At ten somites, with closure extending into brain region (X Ji) 
E At nineteen somites with closure complete except for neuroporcs (X 20) 

mechanically possible The open caudal end of the neural tube is called the 
posterior neiiropore it closes off at about the aS'Somite stage Below this 
level the remainder of the neural tube cannot be added by folding Instead, 
it differentiates progressively, along with the rest of the caudal trunk out 
of the formative cell-mass that constitutes the ‘end bud’ (p 99) '* 

In the meantime fusions at the rostral end of the groove have continued 
the neural tube into the future brain region In embryos with r 5 somites 
the tube is complete as far as the fore-brain, and shortly afterward (20 
somites) the termmal aperture, known as the anterior netiroporc, seals off 
(Fig 394) This IS not located at the ongmal rostral end of the neural plate, 
since ventral fusions have advanced somewhat to meet the dorsal neural 
folds The exact site in the brain of the end of the primitive neural plate 
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portion in 10 to 15 mm embrjos 4Vhen the ependymal layer ceases to 
contribute new cells to the mantle layer, its walls are appro\imated dorsally 
and fusion follow s (Figs 396 and 397) The cells lining the resulting central 
canal are ependj mal cells proper (Fig 3 qS) 

When the right and left walls of the central canal fuse dorsallj, the 
bordenng ependjmal cells lose their radial direction and unite into a 
median seam (Fig 391 C) Later, as the marginal lay er of each side thickens 
and meets its mate, this septum is evtended dorsally In this manner the 



Fig 397 — Human spinal cord, at nine weeks in transverse section Prentiss) X 30 
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Pig 398 — Homan spinal cord at tbree months in trmsverse section (if ter Prentiss) X 30 

roof plate is obliterated as such but is converted into part of the dorsal 
median septum of the definitive spinal cord (Fig 398) On the ventral side 
the floor plate of ependyma! tissue lags in development, and since it is 
interposed betv een the rapidly thickening nght and left alls of the ventral 
marginal layer (ventral funiculi), these do not meet, instead there is pro- 
duced a longitudinal furrow, known as the ventral median fissure of the 
spinal cord The ependymal fibers of the persistent floor plate extend from 
central canal to the surface and thus retain their pnmitive relations CFip- 
391 C) ^ ^ 
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The remamder of the present chapter will be devoted to descnptions 
of how the spmal cord and the bram organi 7 e both in internal structure and 
external form ^ 

The Spiral Cord 

The wall of the spinal portion of the neural tube thickens so quickly 
that in the fourth week the tjpical three layers have already made their 
appearance (Fig 395) Coincidental with this growth comes a relative 
narrowing of the internal cavity For a time the neural canal is some- 
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Fig 396 — Human spinal cord at nearl> eight weeks in transverse section (after Prentiss) X 30 


what diamond-shaped in transverse section, its lateral angle as the sulcus 
hmitans, subdividing the side wall into alar and basal plates Later the 
side walls are approximated dorsallj , and at about nine weeks fusion oblit- 
erates the dorsal part of the neural cavity (Figs 396 and 397) In a fetus 
of three months the persisting ventral portion has rounded into the definitive 
central canal (Fig 398) 

The Ependymal Layer differentiates into a dorsal roof plate and a 
ventral floor plate (Fig 395) Laterally its proliferating cells contribute 
neuroblasts and neuroglia cells to the mantle layer This proliferation 
ceases first in the ventral floor which is thus narrower than the dorsal 
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much greater degree than is the case m lower forms Stated differently, 
the nerve centers in the spinal cord of lower vertebrates are far more inde- 
pendent and antomatous With this m mmd it is not astonishing to learn 
that the earliest tracts of nerve fibers to appear in the marginal zone of man. 
differentiate early in the second month for the purpose of ImUng together 
the nerve centers of the spinal cord itself In the third month long asso- 
ciation tracts of tvvO kinds come into existence Some begin with cell 
bodies in the cord and ascend to the brain, these serve to relay to the fore-, 
mid- and hmd-brains the sensory impulses that are arriving m the cord 
from without Others originate in the mid-brain and hind-bram and de- 
scend, thereby making possible an influence of higher centers over lower 
ones Finally, in the fifth month, the pi ramidal tracts begin growing down- 
nard from the motor cells of the cerebral cortcK, it is through these neurons 
that the brain controls the motor cells of the spinal cord The pyramidal 
tracts of man are not only the largest in any animal but they also contain 
both crossed and uncrossed fiber bundles The latter (direct tracts) are 
peculiar to man and anthropoid apes, and as late acquisitions are extremely 
vanable in size 

The development of myehn in the nerve fibers of the cord begins in 
the middle of fetal life and is not completed in some fibers until between 
the fifteenth and twentieth years The oldest tracts historically are myel- 
inated earliest Myehn appears first on the fibers of the motor roots of the 
spinal nerves They are followed soon by the dorsal roots and certain 
tracts of the spinal cord and brain Tardiest of all are the cortico-spinal 
(pyramidal) tracts, they myehnatc largely dunng the first and second post- 
natal years Since myehn is deposited in the vanous fiber tracts at differ- 
ent developmental penods, this condition has been utilized in tracing the 
ongin and extent of the \ anous fascicles of the central nervous system 

External Form of the Spinal Cord — ^There is no special boundary be- 
tween the brain and spinal cord, the latter can be considered as beginning 
at the level of the first pair of spinal nerves For a time the spinal cord 
IS a thick tube which tapers gradually to a caudal ending In the fourth 
month it enlarges at the levels of the two nerve plexuses that supply the 
upper and lower extremities As the additional fibers to the muscles of 
the arm and leg belong to nerve cells in the ventral gray column, the num- 
ber of these cells (and hence the mass of the gray substance) is naturally 
increased at these levels Since larger numbers of fibers from the integu- 
ment of the limbs also enter the cord through the dorsal roots, there are 
likewise present more cells in the dorsal gray column about which sensory 
fibers terminate These circumstances combine m producing the two 
swellings oi the spmal cord, the cermcal enlargemejti is located at the level 
of origin of the nerves of the brachial plexus to the arm, the lumbosacral 
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The Mantle Layer receives contributions from the proliferating cells 
of the ependymal layer in a manner already described (p 415) In embryos 
of 10 to 15 mm a thickening of this zone first becomes prominent ventro- 
laterally (Fig 395) It constitutes the uniral (antenor) gray column, which 
in later stages supplies migrant cells that organize also a lateral gray column 
Both are dcnvativcs of the basal plate In embryos of 20 mm a tardier 
dorsolateral thickening of the mantle layer is likewise seen, the cells of Tvhich 
represent the dorsal (postenor) gray column (Figs 396 to 398), about these 
cells the dorsal root fibers end The cells of the dorsal gray column, dem- 
atives of the alar plate of the cord, thus become terminal nuclei for the 
afferent spinal nerve fibers Above and below the central canal, the mantle 
layer narrows into the dorsal and central gray commissures Fetuses of three 
months have the gray substance arranged in what is essentially the per- 
manent form (Fig 398) With respect to the functional specialization of 
neuroblasts it can be said that those concerned wath the reception and 
transmission of sensory messages have their cell bodies situated in the 
cerebro-spinal ganglia, those that have to do with motor impulses are 
located in the ventral and lateral columns, all the remainder are concerned 
m linking up the sensory and motor systems 

The Marginal Layer is composed primarily of a framework made up 
of the processes from ependymal and neuroglia cells Into this mesh grow 
the axons of nerve cells, so that the significant thickening of the marginal 
layer is due entirely to nerve fibers contnbuted by neuroblasts and ganghon 
cells located elsewhere The development of myelin about many of the 
fibers in the marginal zone is responsible for the appearance of a definite, 
penpheral layer of white substance in the spinal cord 

The dorsal root fibers from the spinal ganghon cells, entenng the cord 
dorsolaterall> , subdivide the white substance m this region mto dorsal and 
lateral Jiimcuh (Fig 397) The lateral funiculus, in turn, as marked off 
by the ventral root fibers from the central funiculus In the ventral floor 
plate, nerve fibers cross over from both sides of the cord as the ventral white 
commissure The white substance as a whole is arranged in bundles, or 
tracts, whose general relations and proportions are attained at the middle 
of the fetal period The dorsal funiculus is formed chiefly by the dorsal 
root fibers of the ganglion cells, which enter and course cephalad and caudad 
m the marginal layer It is subdivided mto two distinct bundles, the 
fasciculus gracilis, median in position, and the fasciculus cuneaius, lateral 
(Fig 398) The lateral and ventral funicuh are composed (i) of fasciculi 
froprii, or ground bundles, ongmatmg m the spinal cord and intercon- 
necting adjacent regions, (2) of ascending fiber tracts from the cord to the 
bram, and (3) of descending tracts from the bram 

The activities of higher vertebrate are dommated by the bram to a 
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Anomalies —Practical absence of the spinal cord is^Htyc^w This condition, an un* 
cloicd nenial tube, and vanous h(.miaUQna of the cord or its investing membranes often 
accompany racinschms (deft spine) (Fig 401 A, B) Honever, it must be understood that 
the latter malfonfwtion is chiefly a skeletal defect, which ts characterized by the vertebral 
column being more or less unclosed When a sac, formt d from the membranes about the 
neural tube, protrudes through such a cleft m the vertebrc the condition is referred to as 
jjiciungocirlc. if the neural canal alone sacculates, it is nnclocalc, if. as is commonest, both are 
involved it is vieiwigo m\eloc(rle Such a herniation from the spinal cord is often designated 
b\ the term spina hijida (C) It is most frequent in thcjumbo sacral region where the sac 
is covered uith skm and ma\ become the si?e ot an infant s he id, yet m some instances 
neither cleft nor tumor is i ibiblc extemallv Duplication of the central canal, especially 
touard its caudal end, sometimes occurs 



Fio 401 —Anomalies of the spinal cord > 1 , Rachisclusis exposing a flat spinal cord B, Section 
across a cleft spins and unclosed spinal cord as m A C, Spina bifida 


The Brain 

The general plan of the spmal'cord is continued into the brain region, 
but the alar and ba‘?al plates undergo such a high degree of difTerentiation 
that much of the bram on casual inspection appears to have little in com- 
mon With the cord Two specific pecuhantics in fundamental structure 
may be mentioned before passing to the detailed descnptions Contrary 
to the teaching of His, the floor plate oC the brain is now said to extend 
only as far as the caudal boundary of the mesencephalon, while the basal 
plate terminates at its rostral limit (Fig 402) The corollary of this 
conclusion is that both diencephalon and telencephalon are developed 
a?mo>t entirely out of alar-pUte material** A second pecuhanty is found 
m the histological structure of certain regions of the bram, best illustrated 
by the cerebral hemispheres Here the three pnmary layers are supple- 
mented by a fourth, which is located superficiaily to the other three The 
extra stratum is denved from neuroblasts that have migrated from the 
mantle lay er through the marginal zone at the surface they establish second- 
anly a thm, convoluted mantle of gray matter known as the ccrcbml corkx 
(Fig 431) 

Ncurobxoiaxis —The proliferation of neuroblasts in localued regions 
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cnlarf^iiuaU opposite the ongms of the nerves of the lumbo sacral plexus 
to the leg (Fig -^91;) 

After the third month the vertebral column grows faster than the spinal 
cord Since the cord is anchored to the brain, the vertebne of necessity shift 
caudad along the spinal cord, thereby dragging down inside the vertebral 
canal the nerves that onginall> found exits between vertebral that were 
located directly opposite (Fig 400) For this reason the spinal cord appears 
to recede up the vertebral canal, until in the adult it ends in the small of 
the back at the level of the first lumbar vertebra The roots of the sacral 
and coccygeal nerves leave the spinal cord in this region, w'hile the nerves 
themselves course obliquely downward, nearly parallel with the spinal cord, 



Fig 399 — Form and extent of the human 
spinal cord at three months exposed by a dor 
sal dissection X 9 



A B 


Tic 400 — Recession’ of the human spinal 
cord sho'ivn m simplilicd longitudinal sections 
(Streeter) The formation of the filum ter 
minale and the dramng-out of a sample sacral 
nerve are illustrated An astensk indicates the 
coccygeal vestige A , At nine weeks ( X 6) 
at SIX months (X !•) 


to emerge at the sacrum some ten segments lower As might be expected, 
the thoracic nen^es are displaced to a less degree, w'hile the cervical nerves 
incline but little m a caudal direction The tip of the neural tube retains 
its termmal connections dunng_this period of unequal growth, it becomes 
stretched and dedifferentiated into the slender, fibrous strand known as the 
filum ierminalc (Fig 400) ^ “ The obliquely coursing spinal nerves, to- 
gether with the filum terminale constitute the cauda equina which was so 
named from its fancied resemblance to a horse’s tail Traces of the ongmal 
saccular termination of the neural tube in the integument are recognizable 
at birth (Fig 400 B) It constitutes the coccygeal vestige, located near the 
tip of the cocc>x, the site is frequently marked superficially by a dimple or 
pit in the skin (Fig 129 B) ” 
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neural groove begins to close, three points of expansion, separated by tno 
retarded zones of relative constnctioo, subdivide the brain into three parts 
(C, D) the fore-brain (prosencephalon) the tnid-bram (mcsaicephaloii) , and 
the hmd-bram {rhombencephalon) When the brain becomes a closed tube 
these divisions are referred to as the pninarv brain vesicles (Fig 404 /I) 
The human brain at this stage is shovm in Fig 405 A, but the three divi- 


Proseneephalan 

ifetencephalon 


Rhombencephclon 



Fio 404 —Subdivisions o{ the brain v^.'rhree-vcside stage B, fit e v estOe stage 



Fjc 405 — Earij humin brains viewed from the left side A At 3 mm v,nlh eighteen somites 
{after PaJitzer X 55) B at 4 mm (after Hochstetter X 17) N 1-6 Neuraraeres 

sions are not so clearly demarcated, as they are, for example, in the chick 
{Fig 508) “ 

Both the fore- and the hind~bram vesicle promptly give nse to tno 
secondary vesicles whereas the mtd-bram remains permanently undivided 
pig 404 -B) In embryos of about 3 mm (early fourth week) the fore- 
bram shov-s indication dorsally of a groove that subdivides it into the 
idcncephalpn vnth. its pnmitne cerebral hemispheres, and the dttnccphalon 
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leads to aggregations of cell bodies that arc functionally alike These are 
called aiLcfo— They may be subdivided by ingrowing nerv’c fibers into 
several parU, or they may invade the white substance and assume new 
locations there This regional massing of nerve cells and fibers leads to 
relative thickenings and thirlnings of the brain wall and is one of the chief 
agencies through which the brain takes form and acquires its intcmil 
organization 

In the vanous vertebrate groups the cerebral nuclei occupy quite differ- 
ent positions depending on the particular trends of brain specialization that 
have been followed Such mass migrations to new locations not onl> can 
be noted from vertebrate group to group within the cvolutionarj' senes,” 



A B 


Tig 402 — Diigrams of the vertebrate bnin, in sapittnl section illustrating the forward er 
tent of the roof , niar , bnsal , and floor plates (after Kingsbury) A, According to IIis accord 
ing to Kingsbury 

A Alar plate D, bnsal phte F floor plate /, infundibulum ^f mammillary recess JV 
notochord 0 optic recess R, roof plate Broken line is the sulcus limitnns 


I 

* 

Fig 403 — Diagrams illustrating the principle of neurobiotaxis (Kappers) Axons grow in 
the direction of the nervous current (indicated by arrow), while first the dendntes and then the 
cell body grow against the current toward the source of stimulation 

but also they are demonstrable in the development of individual embryos 
It IS claimed that the shift is accomplished by the cell bodies moving closer 
to the source from which^they receive most of their message'sTf hat is to saj , 
a shift against the3q^o^ti^ n^ous imp ulse (Fig "403) Such a d irected 
and onented response has b^n nam^ a neurobiotaxis It presumably pro- 
ceeSr under thC’infiuence of some unknown attracting and onenting force 
Examples of neurobiotactic shifting are furnished bj the migration of the 
visceral motor nuclei of the cranial nerves to a lateral position (Figs 410 
and 414) 

Primary Divisions — The neural axis in embryos 2 mm long (and mth 
somites just appearing) is stiU nearly straight but its rostral end is enlarg- 
ing into the primitive bram (Fig 393 B) Even before this region of the 
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Flexures -While the several divisions ot the bram are differentiating 
ccrta“res appear in its roof and floor, due largely to unequal groiith 



Fig 408 — Stages in the development of the human brain (Patten) i4, At 3 mm B, at 4 
mm C at 8 mm D at seven weeks E at three months In B and C the parts labelled 'fore* 
brain are telencephalon and dienoephalon, respectively In C, the hind brain is differentiating 
into metencephalon and myelencephalon 


processes In part these correspond to those external bendings seen in 
the head and neck regions of young embryos The first, or cephalic fiexiire 
occurs m the mid-brain region of embryos 3 to 4 mm long where the end 
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uhich bears the optic vesicles (Fig tos B) The mid-bram retains its 
onginal designation, the jnrsf»cc/>/mroM Somushat later the hmd-brain 
specializes into the jn<'fcjicc‘/>/ia/o)i, or future region of the cerebellum and 
pons, and into the myclcnccphalon or medulla oblongata (Fig 4od) A 
constneted region, the unites mesencephalon v.ith mctcnccphalon 

The further separation and growth of these five brain vesicles can be 
followed easily in Fig 408 



Fio 406 --Ca% lUcs o( the Imtnan bnm -xt 1 1 inm shown m 1 hcmucction X 10 


Cephaltc fiexure 



Fig 407 — I Icxure- of the human brain 4 , At 6 mm (X 13) B, at 14 mm (X 7) 

Cai'iUcs — The lumen of the tubular brain undergoes change simul- 
taneously with the walls (Figs 404 and 406) The cavity of the telen- 
cephalon extends into the paired hemispheres as the lateral jeutnclcs, that 
of the dvencephalon (and the median portion of the telencephalon) is desig- 
nated the third ventricle, the narrow canal of the mesencephalon becomes 
the certbral aqueduct, the lumen of the znetencephalon and m> elencephalon 
is the jonrth ventricle The latter is continuous with the central canal of 
the spinal cord A cast of these cavities from the brain of a newborn is 
^own in Fig 428 5 
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bons It IS notable for serving as a great pathway linking brain and cord 
into a functional whole All the typical features of the cord are continued 
into the medulla oblongata where they are gradually displaced to new 
positions and relations, are altered to a greater or less degree, and in most 
instances receive new names Other elements, not represented at lower 
levels, also appear and enter into association with these basic structures 
So It IS that as one progresses rostrad through the myelencephalon the 
familiar picture of the cord becomes more and more confused 

Among the more obvious differences from the spinal cord may be 
mentioned several features (i) First is the loss of the senally segmental 
repetitions of the cord To be sure, in the fifth and sixth weeks the floor 
of the rhombencephalon is furrowed transversely by rhombic grooL.es, seven 
in number,*” whose intervals are the so-called rhomhomercs, or nemomeres 



Fic 409 — Mesencephilon metencephiton 'ind m>elencephiIon of humTn bnins, in dorsal 
view (largely after Hochstetter) /I, At five necks (X 7) B at nine n eeks ( X 4 5) C at fifteen 
weeks (X 1 3) 


(Figs 405 A and 409 A) Some view these as evidential of a primitive 
segmented condition of the head (p 398) ® It seems more probable, how- 
ever, that their approximate segmental arrangement is secondary and that 
they represent the expression ot a combination of growth factors" by which 
they stand in rather regular relation to the branchial arches (2) An- 
other difference is the addition of a lateral row of nerves, intermediate in 
position between the dorsal sensory and the ventral motor senes These 
lateral cranial nerves are by number V, Vll, IX, X and XI They are 
associated pnmanly with the branchial arches— rather than with the seg- 
mental trunk and its appendages, like spinal nerves (Fig 408) (3) Still 

another difference is the disappearance of a sharp demarcation between gray 
and white substance Nerve fibers, crosnng in every direction, break up 
the gray substance into a mixture of gray and white known as the rcUcidar 
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of the primitive head takes a sharp bend ventrad (Fig 405) Soon the 
angle IS so acute that the long axes of the fore- and hind-briins arc nearly 
parallel (Fig 407) At about the same time a ccntcal Jlcxurc appears at 
the junction of the brain and spinal cord It is produced by the entire 
head flexing ventrad at the level of junction with the future neck The 
begins to gam prominence at the 10 mm stage It bends 
m a direction opposite to the others and is limited to the brain wall (Fig 407 
B) Eventually these flexures straighten and practically disappear, but the 
dienccphalon and hemispheres become set permanently at an angle with the 
rest of the bram axis (Figs 408 and 420) 

Dcrivattjcs — In the appended table arc listed the pnmar} subdivisions 
of the neural tube and the parts denved from them 

DERIVATIVES OF THE NEURAL TUBE 


Pnmary divtstoni 



Cavtites 


Telencephalon 

Rhmenccphalon 

Corpora stnata 

Cerebral cortex 

Lateral vcntncles 

Rostral portion of the third 
ventnde 

Prosencephalon 

Diencephalon 

Epithalamus 

Tlulamus (including 
Metathalarous) 
Hypothalamus 

Optic cbiasma 

Hypophysis 

Tuber cmercum 
Mammillary bodies 

Most of the third Nentncle 
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The Myelencephalon — This most caudal part of the brain, commonly 
called the medulla oblongata, is bounded rostrally by the early pontine 
flexure, this level is identified later by the caudal border of the pons The 
caudal limit of the medulla is the first cervical nerve 

The myelencephalon is transitional m structure between the spinal 
cord and the more highly specialized parts rostrad Among other func- 
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Tidge where the tela pins the alar plate is known as the rhomhc hp (Fig 

415 A , B ) u 1 

As the roof plate expands into a non-nervous cover, the alar- and basal 

plates are spread laterally like an opened book whose hinge is the floor 
plate (Figs 430 and 411) Both the alar- and basal plates are at first 
represented by distinct ependymal-, mantle- and marginal zones, but the 
rapid proliferation of neuroblasts, the complex courses of fibers extending 
from them, and the invasion of fibers from without all tend soon to mask 
the primitive Uyenng It will be convenient to consider the paired cranial 
nerves to A// all at one time, since they occur as a natural senes in the 
rhombencephalon Actually, nerves V to VI 1 1 belong to the mctencephalic 
subdivision 

Sensory nerve fibers, entenng the rhombencephalic alar plates from the 
cranial nerves, group into definite tracts m the marginal zone, traciiis 
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sohtanus, spuial tract of the fifth nerve, resUform body, or infenor peduncle 
of the cerebellum (Figs 410, 411 and 414) Alar-plate neuroblasts migrate 
into the pnmitive marginal zone and surround these terminal tracts of the 
sensory cranial nerves (tracts which correspond to the dorsal root fibers of 
the spinal nerves), here they organize into the receptive or Unninal iwclci 
of nerves V, VII, VIII, IX and X More caudally the nucleus gracilis 
and nucltns cnncains are developed as terminal nuclei for the sensory fibers 
uhich ascend through the spinal cord from its nerves Still other nuclei 
differentiate it maj- be, houever, that the conspicuous olivary nuclei are of 
basal- rather than alar-plate origin 

The basal plates of the rhombencephalon differentiate a little earlier 
than the alar plates In embryos of the sucth ueek their neuroblasts give 
nse to the motor nuclei of ongm for seven cranial nerves, arranged in two 
linear groups (Fig 443) Laterally, nearer the sulcus limitans, are located 
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fomation nevertheless, some is spared to form definite but isolated nuclear 
masses (Figs 4ioand4ii) 

The wall of the myclcncephalon difTcrentiatcs much like that of the 
spinal cord Dorsally and \cntrally there arc comparable roof- and floor 
■plates, the lateral wall is scparitccl similarly by the sulcus Itmilam into 
alar- and basal plates (Figs 410 and |ii) 

All but the roof plate arc fairly comparable to their homologucs in the 
spinal cord By contrast, this dorsal region becomes a broad and flattened 
layer of thin ependymal tissue (Fig 410) Coincidental wth the forma- 
tion of a marked pontine flc'curc, at about the middle of the second month, 
the alar plates bulge laterally and the thinner roof plate is widened, espe- 



FiG 410 — Human mjelencephalon, m transverse section Left half, at lO mm (X 75 ) nght 
half, at IJ ram (X 45) 

cially IS this true in the rostral portion of the myelencephalon (Fig 409 B) 
The cavity of the rhombencephalon (fourth ventricle) is thereby spread out 
from side to side and flattened dorsoventrallj , a change most marked 
rostrally where the lateral recesses of the fourth ventricle occur 

Blood vessels grow into the mesench3anal layer that lies upon the 
ependymal roof of the myelencephalon, this combined membrane is the tela 
chortoidea Moreover, vascular tufts of this tela invaginate into the cavity 
of the myelencephalon and form there the chortoid plexus of the fourth 
ventricle (Fig 418) Through local resorptions paired lateral apertures 
(foramina of Luschka) and a mesial aperture (foramen of Magendte) appear 
rostrally, they permit communication with the subarachnoid space The 
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medulla oblongata but they are merely passing through to terminate at 
higher or loner levels 

The Metencephalon — division of the brain e\tends from the 
isthmus to the pontine flexure (caudal border of pons) The metencephalon 
continues the general structure of the elencephalon upuard It. how- 
ever, adds two specialized and superposed second ar> parts These are the 
cerebellum dorsally and the pons venlrally (Fig 412) They are not espe- 
cially conspicuous except in animals nath finely adjusted equilibnum and 
V, ell-developed muscular coordination The metencephalon reaches its 
highest expression in pnmates, but is also large in fl j mg and siv imming 
xertebrates The cerebellum and pons have evolved through association 
nith the adjacent otocysts, nhich are organs not only for hearing but also 
for the balancing mechanism, the latter sense is the pnme factor m so far 
as the evolution of the cerebellum and pons is concerned Besides its inti- 
mate connection mth all the sensory centers that are concerned uith body 
equilibnum and the maintenance of muscle tone, the cerebellum also 
receives afferent fibers from the cerebral cortex and gives off efferent fibers 
to the motor centers of the brain stem All these fibers enter and leave the 
cerebellum by three stalks, or peduncles, on each side The pons not only 
contains important sensory and motor nuclei belonging to certain cranial 
nerves, but it also develops the pontine nuclei uhich relay to the cerebellum 
the efferent impulses descending from the motor cortex Many fibers from 
higher and lovser levels pass uninterruptedly through the pons toward their 
destinations Most imposing are the pyramidal tracts 

The early metencephalon of man is made up of the six typical plates 
of the neural tube, but the pnmitive relations are soon profoundly modi- 
fied The roof plate transforms into a thin sheet of white matter both in 
front of the cerebellum and behind it 1 his tissue constitutes, respectively, 
the anterior and the posterior medullary leliim (Fig 413) The rest of the 
roof plate is lost in the substance of the cerebellum The alar plates 
feature prominent^ . they elaborate the cerebellum and its nuclei, con- 
tribute to the three cerebellar peduncles, and produce the sensory nuclei 
of cranial nerve V, and VII and VIII m part The basal plates supply 
the motor nuclei of ongin of the nerves derived from this region and elabo- 
rate much of the reticular formation (Fig 414) The floor plate forms a 
raphe, as in the medulla 

The part of the metencephalon that most resembles the medulla oblon- 
gata lies just beneath the continuation of the fourth ventncle into this 
region (Fig 414) Here are found several distinct nuclei, of these the 
motor nuclei of nerves F, VI and VII along wnth the reticular formation 
are dematives of the basal plate In this location are also found such 
alar-plate denvatives as the terminal sensory nucleus of the fifth nerve, 
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the nuclei of the vj<?ccral motor nerves V, VJI, IX. X and X/ 414) 
More mesid (primstivclj. ventrad) lie the nuclei of wmatjc motor nerves 
VI and \II (Pig 411) Some of these nuclei produce sneUmgs m the 
floor of the fourth vcntnclc Among the motor nerve fibers coursing in 
the marginal la>cr arc those descending from the motor cortex which pro- 
duce the prominent pyramids (Fig Since m early embrjos the 

rhombencephalon lies directly above the pharjnx, fore gut and heart (Fig 
14S) it comes to pass that the centers concerned with the regulation of chew- 
ing, swallowing, digestion respiration and circulation remain located in the 
rhombencephalon, even though the organs innervated become considerably 
dislocated m position 



l^G 41a— Human faram at fourteen weeks {after Ifochstetter) A, Ventral aspect (X B 
Left lateral aspect caudal to the dicncephalon (X 3 5 ) 


The ependymal cells of the floor plate elongate to keep pace wath the 
thickening of the ventral wall of the medulla oblongata Their processes 
extend from lumen to surface as the septum like raph^ (Fig 41: x) On the 
floor of the medulla this raph6 hes at the bottom of the median sulcus 

(Pig 409) 

Having considered the differentiation of the neurobhsts in the alar atfd 
basal plates of the rhombencephalon it is instructive to indicate some of the 
more important connections their processes make in the myelencephalon 
The primary sensory nuclei of this part of the brain effect four general types 
of commiinicatton (i) correlating connections with the motor nuclei of the 
myelencephalon by means of the reticular formation, (2) descending con- 
nections with the motor centers of the spinal cord, (5) connections with the 
cerebellum, and (4) connections with the diencephalon which m turn are 
relayed to the cerebral cortex Other important tracts are found in the 
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structure The rhombic hp of this region gives nsc to those ports of the 
cerebellum laiotvn as the jiorciiiiis and iiodiifiis < D) BeWecn the third and 
fifth months the cerebellar cortev grows faster than the deeper la>ers, and 
in this waj the pnncipal lobes and fissures arc produced (C, D) The 
hemispheres are the last to undergo such speaahzation, their fissures do not 
appear until the fifth month, but in fetuses of seven months the cerebellum 
has attained its final configuration 

The cerebellum show s at first a diflcrenlvation into the same three Ui> ers 
that typify the neural tube as a whole During the second and third months 



4 


QuadnzfmmU ptaU 


Jltmi tphrrr 




Hemisphere-^ 






\ZjJ„ux 


Pro 4is_»um,n,crd«llmn .1 ,,™i4 )li , 4 ,Al.|/,„,| / v , 

B all nm'mih // ( .1 fw •/n.ti .Mi/* 

proliferating alls from the rhombic lip. ,,iid p. rti ,p from (1„ 
of the cerebellum aswU!, nifr.iP l„y, i;),, fH|(, y 

the ccroMlar cortex with its ih.r.ipr, ll, ,„olM„h., 

after birth The .uons of Vur^,,,, <,11- 
bets comprise the di.p m/ilitthry lay, r >,f t|,< (uibillnm u 
he pnmiiive mantle 1 .ycr t .D „„ „ .^t ,,, ,, fjjl' f 

.auer^the largest the ,r.„Ur „ , I, 



440 


THE CENTRAL KFRVOOS SYSTEM 


continuous with e\tcnsions into both mesencephalon and medulla, and the 
cochlear and cc^ttbular nuclei of the eighth nerve The U\o latter (acoustic) 
nuclei originate m embryos of two months through the proliferation of 
neuroblnsts from the margin of the rhombic lip The cochlear nucleus is 
pushed ventrad, other small nuclei differentiating from the rhombic lip in 
the same manner but displaced even to a greater degree, arc the numerous 
pouhuc nuclei 



Fig 41^ —Human mclcnccphalon, m srtRittal wiion (after Prentiss) A, At two months (X fi), 
B, nt five months (X S) 



Fig 414 — Human metenceplnlon m transverse section Left half at 6 mm (X 66) nght half 
nt II mm (X S 7 ) Above is nn onentation driwing of the total hnlf sections 

The Cerebellum — The alar plates of the metencephalon are bent out 
laterally by the pontine flexure and assume a transverse position Dunng 
the second month they thicken and bulge into the fourth ventricle (Pig 
415 A) Near the midline paired swellings indicate the future ,jerims, while 
the more lateral portions are destined to become cerebellar hemispheres (B) 
Dunng the third month the cerebellar mass e\ erts and forms on each side 
a convex cerebellar hemisphere (C) connected with the pons by the brachitim 
pontis, or middle cerebellar peduncle In the meantime the paired pn- 
mordia of the vermis have fused in the midline. thereby producing a single 
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Structure The rhombic lip of this region gives nse to those parts of the 
cerebellum knoun as the flocculus and noditlus {D) Betueen the third and 
fifth months the cerebellar cortex grows faster than the deeper layers, and 
in this way the pnncipal lobes and fissures are produced {C, D) The 
hemispheres are the last to undergo such specialization , their fissures do not 
appear until the fifth month, but in fetuses of seven months the cerebellum 
has attained its final configuration 

The cerebellum show s at first a differentiation into the same three Ia> ers 
that t> pify the neural tube as a w hole Dunng the second and third months 



Hemisphere Lobules of termts 




Fro 415 — Human cerebellum m dorsal \iew {A, His B-D Prentiss) A At six %\ecks (X 8) 
B at tno months (X 4) C at four months (X 3) D, at five months (2 8) 


proliferating cells from the rhombic lip, and perhaps from the mantle layer 
of the cerebellum as well, migrate into the marginal layer, here they organize 
the cerebdlar cortex with its characteristic molecular and granular layers 
413 B) The final differentiation of the cortex is not completed until 
after birth The axons of Purkinje cells and those of entenng afferent 
fibers comprise the deep medullary layer of the cerebellum Many cells of 
the primitive mantle la> er take no part in the development of the cerebellar 
cortex but give nse to neuroglial tissue and to the internal nuclei Of these 
latter, the largest is the dentate nucleus which is seen at the end of the third 
month 
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continuous Mith extensions into both mesencephalon and medulla, and the 
cochlear and vestibular nuclct of the eighth nerve The two latter (acoustic) 
nuclei onginate in embryos of two months through the proliferation of 
neuroblasts from the margin of the rhombic lip The cochlear nucleus is 
pushed ventrad, other small nuclei differentiating from the rhombic lip in 
the same manner but displaced even to a greater degree, are the numerous 
ponltnc nuclei 



Fic 413 — Humm metencephalon m sagittal section (after Prentiss) A, At ti\o months (X S) 
B, at five months (X 8) 
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Pjq 414 —Hurain metencephalon in transverse section Left half at 6 mm (X 66) right half, 
at II mm (X 17) Above is an orientation drawing of the total half sections 


The Cerebellum ^^The alar plates of the metencephalon are bent out 
laterally by the pontine flexure and assume a transverse position During 
the second month they thicken and bulge into the fourth ventricle (Fig 
C A) Near the midhne paired swelhngs indicate the future lerims, while 
Se more lateral portions are destmed to become cerebellar hemispheres (B) 
During the third month the cerebellar mass everts and forms on each side 
convex cerebellar hemisphere (C) connected with the pons by the hrachtum 
1 or middle cerebellar peduncle In the meantune the paired pn- 
^ d ' of the vermis have fused in the imdlme thereby producing a single 
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Early in the second month neuroblasts of the basal plate condense 
into the motor nuclei of the third and fourth cranial nerves (Fig 416 A, B) 
The tegnicnfinn, continued upward from the pons, is similar to the reticular 
formation of lower levels (Q The red nucleus and the substantia nigra 
presumably differentiate in stiu, although the former has commonly been 
said to onginate from migratory, alar-platc neuroblasts 

The mesencephalon is pnmanlj, associated w ith the mechanism of sight 
The rostral pair of quadrigeminal bodies receives fibers from the retina, and 
from deep motor nuclei is denved the chief nerve supply of the muscles of 
the eyeball The mid-brain also becomes the mam highway for motor 
fibers that unite the fore-brain with the nuclei of lower levels, and for 
sensory paths that connect in the reverse direction Such ascending and 
descending motor tracts course in two rounded strands known as the ccre- 


Roof plate 



Pio 417 — -Humm dicnccphnlon at 12 mm in trans\ erse section X 33 


hral peduncles, they are conspicuous structures on the ventral surface of the 
brain (Fig 412) 

The Diencephalon — The rostral extent of the diencephalon is estab- 
lished by folds that set caudal limits to the hemispheres and the corpora 
stnata, on the floor of the brain this boundary passes just rostral to the 
optic chiasma (Fig 419 A) The caudal limit includes the postenor com- 
missure dorsally and the mammillary bodies ventrally {B) 

Though prominent during the second month (Figs 418 A and 419 A), 
the diencephalon becomes largely concealed by the greater expansion of 
adjoining parts of the brain (Fig 420) It is wholly given over to vanous 
kinds of correlations, and through it pass all the nervous impulses which 
reach the cerebral cortex with the single exception of those from the olfactory 
organs 

The wall of the diencephalon differentiates a dorsal roof plate and 
paired alar plates, the latter indudmg both the sides and the floor of the 
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The Mesencephalon — A plane passing just caudal to the postenor 
commissure dorsally, and the maminillary liodies vcntrally, defines the 
rostral limits of the mesencephalon , its caudal limit is the isthmus (Pig 420) 
The mid-brain is the least modified part of the brain (Fig 418) After 
the third month it is soon overshadowed and concealed bj the much bulkier 
fore- and hind-brams and then serves chiefly to interconnect them (Fig 428) 
The roof-, alar- and basal plates arc all represented, but the floor plate is 
now said to terminate with the mctcnccphalon (Fig 402 B) The roof 
plate of young specimens constitutes a mere seam uniting the alar plates 
yet even this loses its identity in later stages The primitive neural cavity 
IS reduced to the slender cerebral aqueduct, which after the third month 
narrows both relatively and absolutely (Fig 420) 
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Fio 416 — Human roesencephafon m transverse section A At 10 mm , level of oculomotor 
nucleus (X 48) B, At 10 mm , level of trochlear nucleus and decussation (X 48) C, Later stage 
(semidiagrawinatic) 


As at other levels, the alar plates develop more tardily than the basal 
plates The alar plates of the mesencephalon give nse to a common lamina 
which bears the corpora qttadriganma (Figs 409 and 412 B) These are 
two pairs of rounded eminences appearing in the fourth month to serve as 
centers for visual and auditory correlation The rostral pair (the supenor 
colliculi) are primary receptive centers for the optic tracts , they are linked 
to the caudal pair (the inferior colliculi) which, in turn, connect with the 
cochlear nuclei of the pons Neuroblasts migrate to the surfaces of the 
corpora quadngemina and there organize stratified ganghomc layers, which 
are comparable to the cortical layers of the cerebellum, the deeper cell 
masses correspond to the metencephalic nuclei (Fig 416 Q The continu- 
ation to this level of the sensory nucleus (here the mesencephalic nucleus) of 
the fifth nerve, already mentioned is worthy of note, it furnishes the only 
instance in which sensory fibers of a peripheral nerve have their cell bodies 
implanted m the wall of the neural tube (Fig 416) “ 
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The thickened alar plate proper is divided by the hypothalamic sulcus 
into a dorsal thalamus and a ventral hjpothalamus (Figs 419 and 420) 
Ingrowing nerve fibers separate the massive gray substance into numerous 
nuclei The thalamus consists of a more ancient part, which can act inde- 
pendentl> of the cerebral cortev in effecting relieves having to do with 



Fig 419 — Humnn telcnceplulon ind dienccphalon hemistctod ind v^e^\ed from the loft side 
(jfter Hochstotter) A At sc\cn necKs (X lo) B it ten iieeis ( X 4 
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Fig 420 — Human brain, henuhccted at fourteen weeks (after Hochstetter) X 3 5 


pleasurable and painful sensations, and a newer part which is the larger 
far in man The latter portion is the mam corridor through which 
impulses of cutaneous visual and auditory sensibility are relayed by new 
neurons to the cerebral cortex The so called metathalamic subdivision 
of the newer thalamus contains the ganculate bodies which are concerned 
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tube (Fjg 417) It seems probable that neither the basal plate nor floor 
plate of lower levels extends this far rostrad (Fig 402 B) Except for 
this difference, and the absence of typical nerves the dienccphalon appears 
in early stages not unlike the primitive spinal cord It remains preponder- 
atingly composed of gray nuclear matter The cavity of the dienccphalon 
IS the third vculnde, for a time it is relatively broad (Fig 419 4), but the 
stronglv thickening lateral walls later compress it to a narrow, median cleft 
(Fig 420) 

The roof plate becomes the thm cpcndy’mal lining of the tela chortoidca 
(Fig 417) Blood vessels growing into the folded tela form the chonotd 
plexus which invaginates into the third ventricle dunng the second month 
(Figs 41Q A and 423) The rest of the dicncephalon consists of three main 
regions (Fig 419) the cpitfialaintes dotsally the f/talamus (including a sub- 
division called the metathalamus), laterally and the hypothalamus, ven- 




FiG 418 — Human brajn in left lateral (after Hochstetter! A At 14 mm (X 75) B at 
27 tnn <X S> 

trally The epithalamus and hypothalamus are the more primitive in char- 
acter and their differentiation precedes that of the thalamus which is best 
developed in higher vertebrates 

At the junction of the caudal portion of the roof plate wnth the alar 
plate IS the area designated the epithalamus (Pig 419) It is a synaptic 
region for the correlation of olfactory impulses An interesting denvative 
is the cpiphysis, or pineal body, which evaginates dunng the seventh week 
and in man becomes solid and conical (Fig 421) It lies between the 
habenular and posterior coiwf tssures (Fig 420) The epiphysis of mammals 
birds and some reptiles is interpreted as a fundamentally glandular organ 
that has differentiated in quite a diiT«rent direction from the median panetal 
eve of certain fishes, amphibia and reptiles In this sense it is not a vestigial 
or degenerated panetal eye. the latter even develops from an entirely 
separate pnmordium ® 
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The thickened nlar pHte proper is divided b\ the brpolhalamtc sulcus 
into a dorsil thalamus and a \cntral hjpothalamus (Figs 419 and 420) 
Ingrowing nersc fibers separate the massive gray substance into numerous 
nuclei The thalamus consists of a more ancient part, which can act inde- 
pendentlj of the cerebral cortev m effecting refleves having to do with 
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f iftcr flochstciter) A At sc\cn \vccks (X •<») B tl ten wcckb ( X 4 
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Fig 420 — Human bnin hemisected at fourteen weeks (after Hochstetter) X25 


pleasurable and painful sensations and a newer part whicb is the larger 
} far in man The latter portion is the main corridor through which 
irnpulses of cutaneous \isual and auditorj sensibility are relayed by new 
neurons to the cerebral cortex The so-called metathalamic subdivision 
0 the newer thalamus contains the geniculate bodies which are concerned 
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With the transmission of impulses of visual and auditory sensibility The 
two thalami grow into dose approximatifwi and usually unite across the 
median plane (massa intermedia) 

Several structures develop from the hypothalamic floor From the 
rostral end of the early diencephalon evagmate the paired optic vesicles 
(Fig 422), the cavity of each stalk obliterates and its wall affords a path- 
way for the centrally growing fibers of an optic nerve The crossing nerve 
fibers form a chiasma plate in this region (pars optica) of the hypothalamus 
(Figs 432 A and 419 A) Next caudad is the infnndxbnlum which special- 
izes into the stalk and neural lobe of the hypophysis, for the development 
of this organ, see p 204 Next in line is the f«6cr cincreiun, while farthest 
caudad a protuberance marks the site of the immtmllary bodies The 
hypothalamus is the headquarters of the sympathetic system which controls 
the vegetative functions of the body (<? g , digestion, sleep, heat regulation, 
emotional behavior) A transitional region, interposed between the hypo- 
thalamus and the tegmentum of the mesencephalon, is often recognized as a 
definite region, the snWjo/aw«5 



Fig 421 —Human epiphysis, at ten iveeX* longitudinally bemisected (after Hochstetter) X i 7 

Telencephaloo — The caudal boundary of this rostral end of the 
bram has already been defined (p 443) The telencephalon consists of a 
median portion, continuous with the diencephalon and containing the rostral 
part of the third ventncle, and of two lateral hemisphenc outpouchings from 
it (Fig 423) The telencephalon becomes in higher animals the most spe- 
aalized and complex region of the brain Practically all the nervous mech- 
anisms of lower le\els are oincemed with rigid responses involving reflex 
and instinctive activities In lower vertebratCo the telencephalon is still of 
this nature, but in mammals the characteristically vanable types of response 
(acquired and mostly consciously performed) are mediated through the thm 
gray covenng of the hemispheres known as the cerebral cortex, accordingly, 
this substance becomes increasingly prominent until its elaboration reaches 
a climax in man 

The telencephalon consists of three regional parts One is the corpus 
slrtaUiMi, directly continuous with ttie thalamus and, like it, a reflex and 
reinforang center but of a higher order (Figs 419 and 423) The second 
division is the rhvieiicephalon, or arrhtpalltum, while the remainder makes 
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up the neopalhum {F:g 420) The last tno portions comprise all of the 
estemally visible hemispheres, and together may be called the pallium 
The rhinencephalon is the olfactory part of the brain, in fishes it represents 
almost the entire cerebral hemisphere, but in higher forms it becomes pro- 
gressively subordinate as smell declines as the dominant sense The neo- 
palhum, or non-olfactory cortex, advances in importance in reptiles and 
birds, becomes very large in mammals and constitutes almost all the exposed 
portions of the human cerebrum 

Like the diencephalon, the telencephalon is a product of greatly ex- 
panded alar plates Basal and floor plates are lacking, and the roof plate 



Fig 422 Human telencephalon at lo mm 1, Left lateral \iew (X lo) B Transterse sec 
tion, at the level indicated on A (after Prentiss X 30) 

IS largely concerned with the formation of a chonoid plexus {cf p 444) 
The roof of the onginal telencephalon is inconsiderable in companson to the 
evaginated hemispheres and does not take part in their extensive develop- 
ment (Fig 422) The cerebral hemispheres begin to be prominent during 
the sixth week and expand rapidly until, at the middle of fetal life, they 
overgrow the diencephalon and mesencephalon and overlie the cerebellum 
somewhat (Figs 418 and 420) During this period of enlargement the 
original rostral end of the neural tube remains a mesial band, relatively 
unchanged in position, for this reason it is named the lamina termmahs 
(Figs 419 and 420) Since the two hemispheres grow forward on each side 
of It, the lamina becomes buned at the bottom of the resulting longitudinal 
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fissure that separates thorn (Pit;; 433 A) The lateral xenindcs, or cavities 
of the hemispheres, at first communicate broadly with the third ventricle 


Longiludtnnl fissure 



Fco 423 — Humm fore brain, with n portion of the niU rcmoietl A At sit weeks, m dorsal 
MOW (His X 13I B At seven necks in front view (alter Ilochstctter, X 9) 


frcrltt' 

Antenor horn- 



Fiu 434 Human telencephalon md diencephaton at live months A Left lateral view B, 

Horizontal section at the lev ed indicated on 41 (His A s) 

through the paired tn(criCHfrtc«?or/oramma of Monro (Fig 422 B) Lattr 
each foramen is narrowed to a slit, not by constriction but because its 
boundanes grow more slowiv than the rest of the telencephalon (Pig 419) 
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The Corpus Siriatum — The floor of each hemisphere produces a thick- 
ening, which at si\ weeks bulges promincntI> into the lateral \cntnclc 
(Fig 423) The corpus stnatum, so formed, is m line caudall} with the 
thalamus of the diencephalon and is cIosel> related to it both develop- 
mentally and functionallj (Fig 419) The thalamus and corpus stnatum 
are separated by a deep groove until the end of the third month As the 
two structures enlarge, the groove between them disappears and the> then 
seem like one continuous mass (Fig 424) The thickening of the corpus 
stnatum is due to an actnc proliferation in its epcndjmal lajcr, this gnes 
nse to a prornincnt mass of mantle-laj cr cells 

Nerve fibers, passing in both directions between the thalamub and the 
cerebral cortex, course through the corinis stnatum , here they arc arranged 



Pio 425"~‘Hunnn bnin nt neirJj three months, Mcwcd from the nsht side ifter remo\al of 
most of the rij,ht pillium (Hi») X 5 


in a lamina that takes the form of a wide V, open laterall} This band- 
hke tract of white fibers is the internal capsule Its rostral limb partly 
divides the corpus stnatum into ihn caudate and lenticular nuclei, the caudal 
hmb of the capsule extends between the lenticular nucleus and the thal- 
amus (Fig 424) The corpus stnatum elongates in company with the cere- 
bral hemispheres, its caudal portion curving around to the tip of the infenor 
horn of the lateral ventricle and forming the slender tail of the caudate 
nucleus (Fig 425) By the middle of fetal life the corpus stnatum has 
attained its adult shape and relations 

The Khinencc phalon and Ntopalltuni — Dunng the SLxth week a swell- 
mg appears on the ventral surface of each cerebral hemisphere (Fig 418) 
hese enlarge into distinct olfaclor:^ lobes which however remain small m 
raan (Fig 425) Each lobe is arbitranlj divided into a rostral and caudal 
msion The pars antenor represents the olfactory bulb and tract, of which, 
e latter receives the backward-growing olfactor}^ fibers and loses its ong- 
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a fashion that four lobes can be distinguished m each hemisphere (Fig 
A) These have no functional significance but are convenient for 
descriptive purposes They are (i) a rostral /ro«/a/ lobe, (2) a dorsal pari- 
etal lobe, (3) a caudal occipital lobe, and (4) a ventrolateral temporal lobe, 
denved by a part of the pnmitive occipital lobe turning ventrad and rostrad 
The original ventricle of the telencephalon cvpands into lateral ccutriclcs, 
nhieh follow the development of the hemispheres and evtend into their 
four pairs of lobes, the bodj of each lateral vcntncle occupies the corre- 



at fourteen ueeks tn stiu (His X 2 g) B, Cist of the newborn ventnclcs (after Welktr X J) 

Spending panetal lobe, uhile the antenor, postenor and infenor homs make 
up the remainder (S) 

The surface extent of the cerebral wall, the thin gray cortex, increases 
more rapidly than the white medullary layer uhich underlies it As a 
result, the cortex is folded into gyn, or conxnliitions, between uhich are 
prominent furrows The larger furrows are fissures, the smaller, sula The 
first fissures to appear are the rhinal (Fig 427) and hippocampal fissures, 
^vhlch develop dunng the fourth month m association with the rhinen- 
cephalon The hippocampal fissure represents a curved infolding along 
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the mesial wall of the temporal lobe, the corresponding elevation on the 
internal surface of the pallium is the hippocampus itself (Figs 424 and 425) 
At about the same time, the lateral fissure (of Sylvius) makes its appearance 
but IS not completed until after birth (Fig 428) Its development is due 
to the fact that the cortex overlying the corpus stnatum expands more 
slowly than do the surrounding areas, this region is consequently overgrown 
by opercular (covering) folds of the frontal, parietal and temporal lobes 
The area thus incompletely enclosed is the tnstila (island of Red), and the 
depression so formed is the lateral fissure (Fig 429) These opercula do 
not close-in over the insula and come into contact until after birth The 
chonoid fissure results from the ingrowth of the chonoid plexus (Fig 425) 
Since the temporal lobe carries with it the chonoid plexus and the fissure 


Postcentral sulcus Central sulcus 



Fio 429 — Right cerebral hemisphere from a seven months fetus in lateral view (Kollmann) 
X I 

through which it entered, the chonoid fissure is transferred to the under 
aspect of the hemisphere 

Until the middle of fetal life the exposed surface of the brain is quite 
smooth, but at the stage of si ^ to seven months four other neopallial depres- 
sions appear, which later become important landmarks in cerebral topog- 
raphy They are (i) the 5«/ats, or fissure of Rolando which forms 

the dorsolateral boundary between the frontal and panetal lobes (Fig 429) , 

(2) the paneto-occipital fissure which, on the median wall of the hemisphere, 
IS the Ime of separation between the occipital and panetal lobes (Fig 427) , 

(3) the calcarine fissure, which marks the position of the \xsual area of the 
cerebrum (Fig 427) and internally causes that convexity termed the calcar 
avis and (4) the collateral fissure, on the ventral surface of the temporal 
lobe' which produces the inward bulging on the floor of the postenor horn 
of the ventncle known as the collateral eminence 

Simultaneously with the establishment of this last group of fissures 
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of the neopallium These commissures develop in relation to the lamina 
terminahs, since this is the natural, direct path from one cerebral vesicle to 
the other (Fig 419) They cross partly in the lamina and partly in the 
fused adjacent portions of the median pallial walls Owing to the union 
of the pallial walls dorsal and rostral to the lamina, the latter thickens 
rapidly dunng the fourth and fifth months It is at this time that the 
significant development of the commissures occurs 

In the rostral portion of the lamina terminahs, fibers crossing the mid- 
plane unite the two hippocampi and produce the hippocampal commissure 
(Fig 430 A ) , with the later growth of the corpus callosum this commissure 
shifts farther caudad (B) The hippocampal commissure is closely associated 
with the formx which is made up of paired symmetncal fiber tracts that 
pursue arching courses to connect the hippocampi with the hypothalamus 
The fibers of the autenor commissure cross in the lamina terminahs, 
ventral to the primitive hippocampal commissure (Fig 430) They anse 
in paired rostral and caudal divisions which unite into a common bundle 
near the midplane The rostral part interconnects the olfactory bulbs in 
a horse-shoe bow of fibers The caudal division passes ventrally between 
the corpora stnata and the cerebral cortex and may be denved from one 
or both of these regions 

The corpus callosum develops in the roof-region of the thickened lamina 
terminahs, located both rostral and dorsal to the primitive hippocampal 
commissure (Fig 430 A) Within a short time it has extended particularly 
in the caudal direction, and thereafter constitutes a conspicuous landmark 
of the telencephalon (B) Through its fibers, which grow out from neuro- 
blasts in the wall of the neopallium, nearly all regions of one hemisphere are 
assoaated eventually with corresponding regions of the other In fetuses 
of five months this great commissure has attained the structure and shape 
that IS characteristic of the adult (Fig 427) 

The triangular interval between the fomix and corpus callosum contains 
a thin partition that separates the two lateral ventricles (Fig 430 B) This 
septum pelluctdiun is a membranous portion of the lamina terminahs and 
really consists of thinned, median pallial wall (Fig 427) As a result of 
stretching, caused by the groivth of the corpus callosum, the septum some- 
times splits and contains a cleft-like cavity bounded by distinct laminse 
The space is designated the space of the septum pcllucidum, or often, in- 
appropnately, the fifth ventricle (Fig 420) 

Histogenesis — In the wall of the pallium are differentiated the epen- 
dymal, mantle and marginal layers typical of the neural tube in general 
During the first two months the cortex remains thm and differentiation 
slow At eight weeks neuroblasts migrate from the ependymal and 
mantle zones into the superficial marginal zone and there give nse to layers 
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of p\ramidal and other cells topical of the cerebral cortex (Fig 431) The 
differentiation of these lasers is most active during the third and fourth 
months, but probably continues until after birth Beginning ^^*lth the 
fourth month the palhal uall thickens rapidlj, owing both to the intrusion 
of fibers from the thalamus and to fibers derived from the neuroblasts of 
the corte\ itself The fibers as a whole arc arranged in an inner medullar^' 
la>er, white in color and surrounded bj the graj cortev, this vudulla is 
homologous to the mantle zone of the spinal cord (Fig 431 B) M>elina- 
tion begins shortly after birth, but some fibers do not acquire their sheaths 
until the end of puberty As the cerebral wall increases in thickness, the 
size of the lateral ventricles diminishes relatively, especially is this true of 
their lateral diameters 

M^cliuatwn — The brain of a newborn is Iargcl3 unmjelinated Onlj 
the fibers of the basal ganglia and those that continue the structure of the 
spinal cord possess myclm sheaths As in the cord, the vanous tracts 



Pig 431 —Histogenesis of the humnn p-illnl wall A, Schem itic section, it three months 
(after His) Below is the spongiobhstic fnroework onlj nbovc ire wandering neiiroblists 
RiigraUng into the cortical hjer B, Vertical section of the pallium, at four months with its cor» 
tex thickening rapidl> (X 15) 


myelinate in definite sequence, the process begins chiefly after birth and 
continues through puberty First to acquire sheaths are the pnmary sen- 
sory -motor fields — that is, the olfactorj, optic and auditor} cortical fields 
and the motor cortex The projcctional and commissural fibers m} elmate 
last 

The Chonoid Plexus of the Lateral Ventricles — Just as the chonoid 
plexus of the third ventncle develops in the folded roof plate of the dien- 
cephalon, so the thin median wall of the pallium (ongmally dorsal, and 
largely roof plate) at its junction with the wall of the diencephalon is folded 
into each lateral ventncle (Fig 423) A vascular plexus, continuous with 
that of the third ventncle, grows into this fold and projects into the corre- 
sponding lateral ventncle (Fig 432) The entire plexus system is a paired 
s ructure which, with the plexus of the third ventncle, makes a T-shaped 
sure, the stem of the T overlies the third ventncle, and its curved anns 
project into the lateral ventncles just caudal to the interventncular fora- 
men Later, as the pallium expands, the chonoid plexus is extended far 
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into the temporal lobes, \\here it protrudes into the infenor horns of the 
lateral ventncles 

Anomalies — severe arrest of brain development often accompanies those types of 
defective skull formation (craiiioschtsts) that are s{x;cifically designated acrama or hetm- 
crania (Fig 357 A) buch virtual absence of the bram is called anencephaly Herniation 
of the bram wall through a defective ennial roof is enccpUalocale, or cerebral hernia (Fig 
433 A) Protrusion of the meninges is memngoccele, a sacculation of both, as most com 
monly occurs, constitutes meningo encephalocide 

Chortotd fissure 

PaUtuftt 

' Lateral ventricle 

ChoTtotd plexus of 
a\ J] lateral tenlncle 

Intenenlncular foramen 
Chonoid plexus of 
third ventricle 
( —'>7'“ Carpus striatum 

—•by. Third ventricle 


Floor of bram 

Fio 433 — Invagination of the human chonoid plexuses into the literal and third ventncles, 
shown by a diagrammatic transverse section through a fetal brain (ifter Smith) 




Fic 433 —Anomalies of the human bram A, Encephaloccele B, Micrencephaly associated 
with a microcephahc head C H>drocephaIus producing a macrocephalic bead 


Abnormal smallness of the brain is micrencephaly, it ts» associated nith an undersized 
cranium Omcrocephalus) (Fig 433 -®) Excessive brain size is usuallj due to hydrencephaly, 
which is charactenzed by a distention of the head {macrocephaliis) through the mcrease of 
cerebral fluid (C), the same condition, as well as the resultmg individual, also is called 
hydrocephalus 
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Fmictwtial Classificahon of Fibers —The earl> obsen ation that senso^' 
impulses travel in the dorsal root fibers and motor impulses in ventral root 
fibers (Fig 435) has been supplemented b> a more complete anal>sis 
(Fig 434) All neurons fall within four chief functional groups, which are 
further subdivided as indicated m the following list No single nerve 
contains representatives of all fiber tjpes, those components designated 
'special' are peculiar to the cranial nerv cs alone 



Flc 435 — T\ lucal spiiul nerve (on nght) and its functional components (on left), shown tn a 
transv erse section of a 10 mm human embrjo X 30 

1 Somatic afcrciit 

(а) General (fibers ending chiefl> in the integument) 

(б) Special (fibers from the sensory epithelia of the eye and ear) 

2 Visceral afferent 

(a) General (sensory fibers from the viscera) 

(6) Special (fibers of smell and taste) 

3 Somatic afferent (Fibers ending on skeletal muscle) 

4 Visceral efferent 

(o) General (fibers ending about sympathetic ganglion cells nhich, 
m turn, control smooth muscle, cardiac muscle and glandular 
tissue) 

(b) Special (cranial nerve fibers terminating on the stnated 

musculature denved from branchial arches) 
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THE SPINAL NERVES 

The spinal nerves are arranged segmcntally m agreement with the 
myotomes they supply Each is attached to the spinal cord by two roots 
One root is dorsal (postenor) m position and has a spinal ganglion associated 
with it, the other IS ventral or antenor (Fig 43s) Toward the end of the 




Fig 436 — Earl> hunnn brains viewed from the left side showing the developing cerebro 
spinal nerves (adapted) A At 7 mm . with ten somites (X 30) 5 nt 3 S mm , with twenty five 
somites (X 14) 



Fig 437 — Further development of the human ewebro spinal nerves (Streeter) A, At 7 
mm (X 12) the first nerv e of each spinal group IS numbered B At 10 ram showing cervical 
spinal nerves (X 17) 


fourth week (4 rnm ) the ventral root fibers can be seen growing out from 
neuroblasts located m the mantle layer of the spinal cord (Fig 436 B) At 
this time the spinal ganglia are represented by local enlargements along 
the continuous ganglion crest Slightly later (5 mm ) the cells of the spinal 
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ganglia begin to develop centrally directed processes, which enter themar- 
ginal zone of the cord as dorsal root fibers (Fig 43/) Peripheral processes 
ol the ganglion cells join the ventral root fibers to complete the serially 
repeated nerve trunks (Figs 3S8 and 390) 


Ca»z naisttnim 1 estctila auditt a 
Gang srmiUoiare « I i ! Gang radtcis « I\ 
Cerebellum VI \ | j Gang f’elrostim 

Gan'' radicts n X 



,JGang Frortep 
2\ hypoglossus 


, A’ 

^ } — Gang tjoJosuni 
.J\r de$e cere 
M I — Farm h\o\d 

iSid^T^ ^ museu'eeular 

ij- ^ fhrinttut 

'Jl. A medianus 

A radialis 
‘N ulnarts 


A tibialis 
A peroneus 


Tubus digest ^ 


\ posterior 

R lerminahs laterahs 
j R terminahs anterior 
AT femoral ' j I Lt 
N obturator j Mesonephros 

A n fiioing et hypogastr 


Pig 43S — Nenoub si stem of a lo r 


a human embrj o dissected superfici Al> from the left side 
{Streeter) X 12 


At the 10 mm stage (Fig 438) the cellular bndges of the ganglion 
crest, nhich previously interconnected the spinal ganglia, have begun to 
disappear, and the several parts of a ty/pical spinal nerve become evident 
435) In this differentiation the nerves more cephalic in position 
maintain a slight advance over those at lower levels Just beyond the union 
of the dorsal and ventral roots the trunk of a nerve gives off laterally the 
dorsal ramus, its fibers supply the dorsal muscles and integument The 
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stouter ventral ramus^ continuing distad, branches off mcsially the ramus 
communicans to the sympathetic ganglion and then divides into the lateral 
and ventral terminal divisions The efferent fibers of the terminal divisions 
supply the muscles of the lateral and ventral bod> wall, while the afferent 
fibers end in the integument of the same regions (Fig 371) 

None Plexuses — At the points where the ventral and lateral terminal 
divisions anse, connecting loops may extend from one spinal nerve to an- 
other, thereby forming distinct nerve plexuses (Fig 438) Regions favorable 
for this condition are those where the muscles of the limbs supenmpose 
themselves on the ordinary regulanty of the trunk musculature In this 
manner the first four pairs of cervical nerves produce the ccnical -plexus 
The nerves supplying the arm and leg also unite into plexuses, clearly indi- 
cated in embryos of six weeks The plexus related to the arm is the brachial 
plexus , the one to the leg is the lumbo-sacral plexus Both of these divide 
into dorsal and ventral divisions, wrhose branches are distributed respectively 
to the dorsal and ventral surfaces of the appendages The dorsal nerves 
innervate the extensor muscles of the dorsal side, the ventral nerves the 
flexor muscles of the ventral side The cutaneous innervation of these 
regions IS shown in Fig 371 

As additional detail, it may be said that the trunks of the last four 
cervical nerves, together with the first thoracic, unite into a flattened plate 
that represents the pnmitive brachial plexus From this plate nerve cords 
extend into the intermuscular spaces and end in the premuscle masses 
The developing skeleton of the shoulder splits the brachial plexus into dorsal 
and ventral lamin® From the dorsal lamina anse the axillary and radial 
nerves , from the ventral lamina the musculo cutaneous, median and ulnar 
nerves Similarly the lumbar and sacral nerves to the leg associate in a 
plate-like mass that differentiates into the lumbo-sacral plexus This plate 
IS divided by the skeletal elements of the pelvis and femur into two lateral 
(primitively dorsal) and two medial (pnmitivel> ventral) trunks Of the 
cranial pair, the lateral component becomes the femoral nerve, the medial, 
the obturator nerve The caudal pair constitutes the pnmitive sciatic 
nerve, its lateral trunk will be the peroneal nerve, the medial trunk the 
tibial nerve 

THE CRANIAL NERVES 

Twelve pairs of cranial nerves appear dunng the fifth and sixth weeks 
(Fig 438) They are not arranged segmentally, and all attempts to inter- 
pret them satisfactonly as senal homologues of spinal nerves have failed 
In addition to the general sensory and motor components of spmal nerv es, 
the cranial group contains special fibers distnbuted to the major sense 

ans and to muscles derived from branchial arches The several sensory 
and motor-nuclei are arranged in definite masses and columns within the 
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respective alar- or basal plate (Fig 434) Unlike the nerves of the spinal 
senes, rv hich are fundamcntallj alike, the several cranial nerv es \ ar>' vv idelj 
in functional composition Those in the first two groups of the subjoined 
list have but a single kind of fiber Quite different is the third group, all 
of whose representatives are mixed, notable are the ninth and tenth nerves, 
which contain five different fiber tjpes each 


Spec: 

VE Senv-ORY 

SoMVTic More* 

Vivriwt Sfnvjrv Asn Moion 

I 

Olfnctorj 

III Oailomotor 

V 

Tn^emiml 

11 

Optic 

I\ Tro< hicur 

VII 

Ficinl 

VIII 

Acoustic 

VI Ab<luccns 

I\ 

Glo'^nplnrv nRcrl 



\II Il\IK)glOSS.ll 

\ 

Vtciis complex (including 


XI, Sjiiml Acccssorj) 


The Special Sensory Nerves 


I The Olfactory Nerve, though piircK sensorj has no ganglion Its 
nerve cells he at first v\holl> withm the epithelnl lining of the nose and 
are of the bipolar tvpe (Fig 439) 

From them short pcnphcral processes 
develop which end tn bristles at the 
surface of the olfactory' cpithclmm 
Proximal processes grow bramward 
dunng the fifth weeh and gather into 
the strands of the olfactory nerve, 
around which the cnbnform plate of 
the ethmoid bone later develops 
These fibers end in the glomiruh of 
the olfactory bulb m contact with 
dendntes of the vutral cells, or 
olfactory neurons of the second order (Fig 439) Some olfactoiy’ cells 
migrate inward from the epithelium, with which, however, they retain pe- 
npheral connections Such bipolar elements, found along the entire course of 
the nerve, resemble ordinary dorsal ganglion cells The olfactory nerve 
fibers remain unmyelinated 



Cuhnform plate 
Olfacton nene fiber 
5 - Olfactory eptlhehuni 


Tig 439 — DnRnm of the relations of 
the olfTCtorj nerve to the msal epithelium 
ind olfnctorj trict 


The poorly understood terminal lurtc courses in close association with 
the olfactory nerve but evidently is distinct from it Ganglion cells occur 
along Its extent, and its unmyelinated fibers end in the epithelium of the 
vomero-nasal organ and nasal septum * * 

II The Optic Nerve is formed by fibers that grow from neuroblasts 
m the nerv ous layer of the retina Since the retina differentiates from the 
evagmated wall of the fore-brain (Fig 422), the optic nerve is not a true 
penpheral nerve but belongs rather to the central system of cerebral tracts 
e neuroblasts from which the optic nerve fibers develop constitute the 
ganglion cell layer of the retina During the sixth and seventh w eeks these 
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cells give nse to central processes which spread out on the free surface of 
the retina, there to organize the ncroc fiber layer (Fig 464) The optic fibers 
converge toward the optic stalk and grow through the substance of its ivall 
back to the brain (Fig 440 A) The cells of the optic stalk arc converted 
into a neuroglial framework, and its central cavity is rapidly obliterated (B) 
In the floor of the diencephalon, at its boundarj Tvith the telencephalon, the 
two optic nerves unite at about the end of the second month to produce 


A B 

Fig 440 — Transformation of the iiuman optic stalk into the optic nerve shown b> transverse 
sections (after Bach and Seefelcler) A At 14 5 mm (X 275) 5 , at 19 mm (X 350) 

the opttc eJuasma This is a region 
where there is a partial crossing of optic 
nerve fibers, those from the medial 
half of each retina pass over to the 
opposite side of the chiasm, whereupon 
the recombined nerves agam separate 
and continue mto the bram as the optic 
tracts (Fig 441) Optic nerve fibers are 
all myelinated but lack neunlemma 
sheaths ’ 

Efferent fibers ending in the retina 
may be present m the optic nerves of 
lower vertebrates, but the evidence for their existence m mammals is less 
clear * ® 

VIII The Acoustic Nerve is composed of fibers that grow out of the 
acoustic ganglion, located opposite the fourth neuromere Its cells anse 
from a portion of the neural crest which at its earliest appearance in 
embryos of some four somites still lies within the brain wall but soon sep- 
arates off and locates just rostral to the otic vesicle (Fig 436) a placodal 
origin from the wall of the otocyst has also been described ^ This is the 



Fig 441 — Diagram to illustrate the 
course of the human optic nerve fibers in 
the region of the optic chiasma 
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first sensory pnmordium that can be identified in an embryo The cells 
remun bipolar— central processes uniting the ganglion to the tuberculum 
acusticum of the mj elencephalon and peripheral fibers connecting it mth 
the nail of the otocyst 

The primitive acoustic ganglion is dilTereiitiated into ccstibiilar and 
spiral ganpha in the folloMing manner (Fig 442) The onginal ganglion 
elongates and is subdir ided into supcnor and inferior portions in 7 mm 
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Fig 442 — Diflerentiation of the ponwtive left acoustic ganglion and ner\ e of man (Streeter) 
X 30 The \ estibular ganglion IS finel> stippkd the spiral ganglion coirselj stippled A, At 
4 mm B at 7 mm C at 9 mm D, at 20 mm L at 30 mm 


embryos (^ 4 , B) The supenor part and some of the infenor portion co- 
operate in innervating the utnculus, sacculus and the semicircular ducts, the 
combined ganglionic mass becomes known as the vestibular ganglion {C~E) 
l^Iost of the pars inferior, however, differentiates into the spiral ganglion, 
the peripheral fibers of which innervate the auditory hair cells of the spiral 
organ (of Corti) in the cochlea The spiral ganglion is recognizable in 
9 mm embryos and conforms to the spiral turns of the cochlea — hence 
name Its centrally directed nerve fibers produce the cochlear division 
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of the acoustic nerve This is distinctly separated from the corresponding 
fibers of the vestibular ganglion, a\hich constitute the vestibular division of 
the acoustic nerve, cquiUbratory in function In spite of this, the com- 
ponent of the vestibular ganglion derived from the pars infenor docs become 
closely connected with the n cochtcans, and thus m the adult it appears 
as though the sacculus and posterior ampulla were supplied by the cochlear 
nerve 

The Somatic Motor Nerves 


This group, consisting of the three nerves to the eye muscles and the 
hypoglossal nerve to the tongue, is purely motor, the nuclei of ongin are 
colored red in Fig 443 They are regarded as homologues of the ventral 
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Fio 443 — Recanstruction of the svein of ongin and termination of the cranial nerves in a lo 
mm human embrjo (Streeter) X 30 The somatic motor nuclei are colored red 


motor roots of the spinal cord that have lost their segmental arrangement 
and are otherwise modified AU of the motor components of the cranial 
nerves originate from neuroblasts located at first in the basal plate, near 
the floor plate Somatic motor nuclei retain this position, while visceral 
motor neuroblasts migrate to a more lateral position (Figs 410 and 411) 
III The Oculomotor Kerve develops from neuroblasts m the basal 
plate of the mesencephalon (Figs 416 A and 443) The fibers emerge ven- 
trally as small fascicles, located m the concavity under the mid-brain 
brought about by the cephalic flexure (Fig 438) The fascicles collect into 
a nerve trunk and end in the pranuscie masses of the eye The nerve 
eventually supplies all of the extrinsic eye muscles, save the supenor oblique 
and external rectus 
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IV The Trochlear Nerve fibers arise from neuroblasts located just 
caudal to the nucleus of the oculomotor nerv'c (Fig 443) Thc> are directed 
dorsad and curve around the cerebral aqueduct uithin the neural wall, 
crossing in the roof of the mesencephalon, the two nerves leave the brain 
at the isthmus (Fig 416 B) From such a superficial ongin, at the level of 
the first ncuromere, each passes ventrad as a slender ncrv'c that connects 
with the supenor oblique muscle of the corresponding 03 e (Fig 438) , this, 
however, is on the side opposite to its nucleus of origin The reason for 
this interesting crossing is quite obscure 

VI The Abducens Nerve takes origin from a motor nucleus located 
directly beneath the fourth neuromere in the pontine region of the meten- 
cephalon (Fig 443) The converging fibers pass out ventrall3 at a point 
caudal to the pons and, as a single trunk, course rostrad to end in the c\temal 
rectus muscle of the eye (Fig 438) Vestigia! rootlets of the abducens and 
hypoglossal nerves tend to fill in the gap between these tw’O nerves * 

XII The Hypoglossal Nerve results from the fusion of the ventral 
root fibers of three to five nerves rostral to those commonly recognized as 
belonging to the cervical senes (Figs 436 B and 443) The corresponding 
dorsal roots have dropped out, and the motor fibers leave the ventral wall 
of the myelencephalon in several groups In embryos of 7 mm these fibers 
have converged ventrally to form the common trunk of the nerve (Fig 437 
A) Later they grow rostrad and eventually end in the muscles of the 
tongue 


That the hypoglossus is a comoosilc nerve, homologous with the ventral roots of the 
spinal nerves, is shown ® (i) bj the segmental ongm of its fibers (2) from the fact that its 
nucleus of ongm is a rostral continuation of the ventral gra> column, or nucleus of ongm 
for the ventral spinal roots and (3) from the presence m mammalian embrjos (pig, sheep 
cat, etc ) of rudimentar> dorsal ganglia, one of which at least (Fronep’s ganglion) sends a 
dorsal root to the hjpoglossus In human embrjos, Fronep s ganglion ina> be present as a 
rudimentary structure (Fig 446), or it raa> be absent and the ganglion of the first cervneal 
nerve also be missing In pig embr>os there are one to four acccssorj ganglia (includmg 
ronep’s) from which dorsal roots extend to the root fascicles of the hjpoglossal nerve 
550) 


The Visceral Mixed Nerves 

The motor roots of this group arise in a lateral senes, distinct from 
the roots encountered hitherto in other nerves This position is the result 
o an early migration of motor neuroblasts from an originally ventral loca- 
tion (Figs 410, 41 1 and 414) The sensory elements are derivatives of a 
neural crest partly continuous with that of the spinal cord (Fig 436 B) 
The tngeminal nerve contains not only visceral efferent fibers to 
muscles originating m the first branchial arch, but also numerous somatic 
sensory neurons from the head The facial, glossopharyngeal and vagus 
rves are almost wholly visceral m funcUon Their sensory fibers supply 
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the sense organs of the branchial arches and viscera, their motor compo- 
nents innervate such muscles as are derived from the second to fifth branchial 
arches, in addition, these nerves contain a few somatic sensory fibers The 
pnmitive relation of the visceral nerves to the branchial arches is illustrated 
in Fig 369 A, the final relation m Fig 444 

V The Trigeminal Nerve IS chiefly sensory Its large gaw- 

ghon lies near the rostral end of the hmd-bniin, opposite the second neuro- 
mere (Fig 436 B) Centrally directed processes from the ganglion form 
the large sensory root that enters the wall of the mctenccphalon at the level 
of the pontine flexure (Fig 414) These fibers make connections with the 
sensory nuclei, some of them turning caudad to constitute the spinal tract 
of the trigeminal nerve (Fig 443) The processes peripheral to the ganglion 
separate into three large divisions (the ophthalmic, maxillary and mandibular 
ntrocs. Fig 438) and supply the integument of the head as well as the epi- 



FiG 444 — Position of 
certain cranial nerves 
with respect to the head 


thelium of the nose and mouth An interesting tract 
of sensory nerve fibers anses m the mesencephalic 
midctis, which is made up of unipolar cells similar to 
ganglion cells,’® it furnishes the only instance of a 
peripheral sensory nerve with cells of ongm buned m 
the central nervous system (Fig 416 Q The mes- 
encephalic root comes to be an integral part of the 
mandibular division of the fifth nerve 

The motor fibers of the trigeminal nerve anse 
largely from a motor nucleus that lies within the 
pons at the same level as the external ganglion (Figs 
414 and 443) In the embryo its fibers leave the 
brain wall as a separate motor root alongside the 


semilunar ganglion and, as a distinct trunk, supply the premuscle masses 


derived from the first pair of branchial arches These transform mto the 


muscles of mastication Later the motor fibers are incorporated into the 


mandibular division 


VII The Facial Nerve is composed for the most part of efferent fibers 
arising from a cluster of neuroblasts that comprise its motor nucleus, this 
IS located in the pons beneath the third neuromere of the rhombencephalon 
(Fig 443) Its fibers at first grow straight laterad, passing rostral to the 
nucleus of the abducens (Fig 445 A) The nuclei of the two nerves later 
shift their positions, that of the facial nerve moving caudad and laterad 
while the nucleus of the abducens shifts rostrad (B) As a result, the motor 
root of the facial nerve bends around the nucleus of the abducens (Q, pro- 
ducing the genu, or knee of the former The motor fibers leave the brain 
lust mesial to the acoustic ganglion (Fig 437 A) From here they contmue 
ventrad and are lost in the tissue of the hyoid (second) branchial arch 
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Most of the efferent fibers of the facial nerve inneix^ate the muscles of facial 
expression, all denvatives of the second branchial arch, other fibers pass to 
the salivary glands 

The sensory fibers of the facial nerve grow from the cells of the genic- 
ulate ganglion, uhich develops from neural-crest material in close association 
with the acoustic ganglion (p 464) In fact, at the start the two ganglion 
masses are combined in a common acustico facial pnmordium (Fig 436) 
However, in 7 mm embrj'os the geniculate ganglion is a separate entity, 
located rostral to the acoustic ganglion (Fig 4^7 /I) The proximal proc- 
esses from the geniculate ganglion enter the alar plate and form part of 
the solitary tract (Fig 443) Some peripheral fibers accompany the motor 
fibers of the chorda tympam, join the mandibular branch of the trigeminal 
nerve, and end in the sense organs of the tongue 

IX The Glossopharyngeal Nerve takes its superficial origin just caudal 
to the otic vesicle, at the level of the sixth nturomcre (Figs 4 tfi and 446) 


Certu xnUrnum k factahs 



Tig +43 __Diaj,ram illustr-itinR three stages m the development of the genu of the human facial 
nerve (Streeter) A At 10 mm J 5 , at 13 mm C, it 20 mm 


Its few efferent fibers arise from neuroblasts in the basal plate beneath the 
fifth neuromenc groove These neuroblasts help form the nitclcns ambigniis, 
a nucleus of ongm which the glossopharyngeal shares with the vagus 
443) The motor fibers pass outward beneath the spinal tract of the 
tngeminal nerve They later innervate such muscles of the pharynx as are 
enved from the third branchial arch, and also activate the salivarj- glands 
The sensory fibers of the glossopharyngeal nerve anse from two ganglia, 
t e superior ganglion closer to the brain and the petrosal ganglion farther 
istad on the trunk (Fig 446) These fibers represent the greater part of 
e nerve, they separate penpherall> into tympanic and lingual ranit, which 
pass to the second and third branchial arches Proximally the sensory fibers 
enter the alar plate of the myelencephalon and join similar fibers of the 
^cia nerye coursing caudad in the solitary tract (Fig 443) 

X XI The Vagus and Spinal Accessory —The vagus nerve, like the 
ypoglossus, is composite It represents the union of several nerves that 
^PP > the branchial arches of aquatic vertebrates (Fig 446) The more 
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caudal fascicles of motor fibers begin in the lateral gray column of the 
cervical cord as far down as the fourth cervical segment These fibers 
emerge from the cord laterally and, as the spiual accessory trunk (considered 
a distinct nerve in adult amniotes), course rostrad along the line of the neural 
crest (Figs 437 A and 446) The motor fibers of the vagus proper spring 
from the neuroblasts of the nttclctis ambigtins of the myelencephalon (Fig 
443), still others anse from a dorsal motor nucleus (Fig 411) The fibers 
from these two sources pass out as separate fascicles and join the fibers of 
the spinal accessory in the mam trunk of the vagus nerve The accessory 
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Fio 446 — Penpheral nerves in the occipital r^oa of an l8 mm human embryo (Streeter) 
X 12 

fibers soon separate off and are distributed laterally and caudally to the 
premuscle masses of branchial-arch ongm that later form the stemo-mastoid 
and trapezius muscles of the shoulder The motor fibers of the vagus proper 
innervate most of the muscles of the pharynx and larynx, all these are 
denvatives of the fourth and fifth pairs of branchial arches Other vagal 
fibers supply the smooth muscle of the viscera 

Smee the vagus is a composite nerve, it has several ganglia which anse 
as local enlargements along the course of the ganglion crest (Fig 446) 
The most dorsal and rostral of these is the jiiguior ganglion, at the level of 
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the setenth neuromero The other dorsal ones, termed accessory ganglia, 
are \estigial structures uhich are not segmentally arranged In addition 
to such root ganglia of the vagus there is the nodose ganglion located farther 
distad on the trunk The trunk ganglia of both the vagus and glossophary n- 
geal nen'es are believed to be derivatives of the ganglion crest, their cells 
migrating ventrad in early stages The central processes from the neuro- 
blasts of the vagal ganglia enter the wall of the mj elenccphalon, turn caudad 
and, with the sensory fibers of the facial and glossopharyngeal nerves, com- 
plete the solitary tract (Figs 411 and 443) The penpheral processes of the 
ganglion cells form the greater part of the vagal trunks after the spinal 
accessory fibers have separated from it 

Placodes — In loi\er \crtebritcs there nre two senes of ectodemnl thickenings in con- 
nection mth certain cranial ncr\ es Their plate like nature has suggested the designation 
‘placode’ for them The dorsolateral placode is de\elopctl in relation to the auditor) placode 
as a focal point, spreading rostrad and caudad, it is responsible for the sense organs and 
nerves of the acoustic and lateral hnc s> stems Lpthranchial placodes onginate at the dorsal 
ends of the branchial clefts, and in some lower vertebrates cellular proliferation from them 
clearlj adds to the neighboring ganglia In higher animals, including man, the relations are 
less plain The dorsolateral s\ stem is probabl> not represented be\ ond the sense organs of 
the internal ear Indications of contributions from the cpibranchial placodes to the ganglia 
of nerves 1 , 1 /f, /\ and \ have been reported,* ’• but the evidence is circumstantial and 
not bej ond dispute ** 

Anomalies —1 here are manj variations in the arrangement and distnbution of the 
penpheral nerves The more staking anomalies are usualh accompanied bj correlated 
disturbances of the central nerv ous s\ stem and axial skeleton 

THE SYMPATHETIC NERVOUS SYSTEM 

The sympathetic nervous s>stem is composed of a senes of ganglia and 
penpheral nerves, the fibers of which supply gland cells and the cardiac 
and smooth muscle fibers of the viscera and blood vessels The nerve cells 
are of the multipolar ganglion tj pe and their a\ons remain unmyelinated 
The exact source of the s>mpathetic ganglia has caused much contro- 
versy among those who have sought by observation and expenment to solve 
this problem Both the neural crest and the neural tube have been identified 

as the source of ongin There are no mass movements, as in sharks, but 
rather a migration of individual cells Some desenbe these as emerging 
out of the masses of neural-crest substance that mostly become spmal 
ganglia At an early stage these particular crest cells migrate down the 
dorsal nerve roots and the penpheral nerve trunks to form paired ganglionic 
clusters dorsolateral to the aorta (Fig 447 A. B) >6 Others hold that neuro- 
asts pass out of the neural tube, chiefly by way of the ventral roots, and 
ecome the sympathetic ganglia ” “ Sheath and capsule cells come from 
both sources 
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caudal fascicles of motor fibers begin in the lateral gray column of the 
cervical cord as far down as the fourth cervical segment These fibers 
emerge from the cord laterallj and, as the spinal accessory trunk (considered 
a distinct nerve in adult amniotes), course rostrad along the Ime of the neural 
crest (Figs 43 7 and 446) The motor fibers of the vagus proper spnng 
from the neuroblasts of the nucletts ambigtitis of the myelencephalon (Fig 
443). still others arise from a dorsal motor nucleus (Fig 411) The fibers 
from these two sources pass out as separate fascicles and join the fibers of 
the spinal accessory in the mam trunk of the vagus nerve The accessory 
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Fig 446 — Penpheral nerves in the occipital region of an 18 mm human embryo (Streeter) 
X 12 

fibers soon separate off and are distributed laterally and caudally to the 
premuscle masses of branchial-arch ongm that later form the stemo-mastoid 
and trapezius muscles of the shoulder The motor fibers of the vagus proper 
innervate most of the muscles of the pharynx and larynx, all these are 
denvatives of the fourth and fifth pairs of branchial arches Other vagal 
fibers supply the smooth muscle of the viscera 

Since the vagus is a composite nerve, it has several ganglia which anse 
as local enlargements along the course of the ganglion crest (Fig 446) 
The most dorsal and rostral of these is the jugular ganghon at the level of 
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cephalad then camcs the sjmpathetic trunks to higher cenncal lc\els 
fFig 446) The sympathetic 0 t . cranial autonomic) ganglia related to 
the brain are at no time segmental The> are den\cd chiefl> from the 
pnmitive semilunar ganglia, although the geniculate and petrosal ganglia 
also contnbute (Fig 447 C) ■' 

Root fibers from the corcbro-spinal nerves pass into or through the 
adjacent ganglia of the sympathetic trunks (Figs 4^^ and 447 C) Some 
are efferent and terminate about the ganglion cells, whence their impulses 
are relayed by unmyelinated sympathetic neurons to their destinations 
Others are afferent, bnnging visceral sensory' impulses directly from the 
Mscera to the spinal ganglia and central nervous system Both fiber ty pes 
acquire my elm sheaths and so constitute the uhttc commmncattng ravti 
Some of the unmsehnated sympathetic fibers grow back into the spinal 
nerves by way of separate gray coinuiuntcatiag rauu These fibers arc 
efferent in function and arc distributed with the spinal nerves 

In addition to the primary ganglia of the paired sympathetic trunks 
which he dorsolateral to the aorta, there arc other more peripheral ones 
known as collateral gaiiglta, belonging to the great prcicrtchral plcxiiSiS, such 
as the cardiac, cochac and hypogastric (Fig 447 C) Still farther distad 
are the icrmiual gauf^lta, located near or even within the structures they 
innervate, this group includes the ciliary and cardiac ganglia and the small 
ganglion masses of the mvcntenc and submucous plcMiscs Each cell in 
these several ty pes of ganglion is m direct relation w ith the a\on of a cerebro- 
spinal cell, so that every sympathetic neuron forms a tcnmnal link m a chain 
whose first link is a neuron belonging to the central nervous system (Fig 
435) The ganglion cells of the prcvertcbral plexuses originate like those of 
the sympathetic trunks and differ only in migrating greater distanccs> they 
are conspicuous about a week after the trunk ganglia appear At about the 
same time the terminal ganglia related to the cardiac, pulmonarv and entenc 
plexuses are organized The cornponent cells advance penpherad along the 
vagus nerves, except those of the gastro-mtestinal region which come from 
the prevertebral ganglia 

the chromaffin bodies and suprarenal gland 
Certain cells of the primitive syrmpathetic ganglia are transformed mto 
peculiar endoenne glands, rather than into neurons 1 he secretion formed 
by these elements causes them to stain brown when treated with chrome 
salts— hence the designation, chromaffin cells Cells of this type give nse 
to structures known as chromaffin bodies the most conspicuous member of 
this sy stem is the suorarenal gland (Fig 448 A) 

™ chromaffin bodies are rounded cellular masses partly embedded 

e dorsal surfaces of the sympathetic ganglia, because of this association 
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In an embrj o of 8 mm the matcnat of the cortical portion of each gland 
begins to gather beneath the peritoneal epithelium at the root of the dorsal 
mesentery (Fig 449 A, B)^‘' At this period there is direct continuity 
betiseen the surface epithelium and the sub)acent mesenchyme Hence the 
cortical pnmordium onginates from the proliferating epithelium in the same 
T\a> that mesench^me bordering the serous ca\atics in general, has this 
ongin Rapid growth of the two cortical pnmordia produces a pair of 
prominent mesenchjmal condensations (( D) These then enter on a 
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Fig 449 — De\eIopmcnt of the human suprarenal gland, shown m trans\erse sections A, 
At 8 mm (X 24) S detail of area marked by a rectangle in A (X 75), C at 12 mm (X 20) 

■ at 16 mm (x 24) £ at four months (X 70) 


course of specialization leading to the differentiation of distinctive, well 
vasculanzed organs The enlarging suprarenals soon project from the dorsal 
wall of the ccelom, between the urogenital organs and mesentery Here they 
become relatively huge, encapsulated organs (Fig 267 A), and even at birth 
they are one-third the size of the kidney 

No sooner has the onginal cortical pnmordium established itself as a 
cellular mass (Fig 449 C) than it begms to become enveloped by cells of 
another type (D, E) Yet both lands trace ongm to the same proliferative 
ecus The internal mass is a provisional cortex that is especially charac- 
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they have leceived the appropnatc name paraganglia (Fig 448 C) They 
appear dunng the third month and at birth attain a diameter of a millimeter 
or more 

Other chromaffin bodies, similar in nature, occur on the sjmipathetic 
plexuses The largest, found on the abdominal sympathetic plexus, is the 
pair of aortic chromaffin bodies (of Zuckerkandl) These arc first recogniz- 
able toward the end of the second month about the root of the infenor 
mesenteric artery (Fig 448 A, B) At birth they are about i cm long 
All representatives of this group are composed of cords of chromaffin cells 
intermingled with strands of connective tissue, the nholc mass is surrounded 



Fig 448 — Human chromaffiii bodies A Distribution of chromaffin ti'^sue (in black) at st^ 
months (X i S) ^ Aortic bodj at eight weeks shown in a transverse section (X 22) C 
Sectioned paraganglion at ten weeks (after Kohn) X 4^0 


by a connective-tissue capsule After birth the chromaffin bodies decline 
but do not disappear entirely 

Associated with the aortic-arch derivatives are several problematical 
masses one of which at least, belongs in the chromaffin category Best 
known IS the carotid body, which organizes in the seventh week from a meso- 
dermal condensation on the wall of the mtemal carotid artery it apparently 
lacks true chromaffin cells 

Each Suprarenal Gland has a double origin and in reality is two distinct 
viands secondarily combined as one within a common capsule The cortex 
^ denved from mesoderm, the medulla from ectodermal chromaffin tissue 
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tenstic of the fetus It constitutes the chief bulk of the organ at birth, 
although entering on a rapid decline at this time , its involution is not com- 
pleted until two years later"’ This provisional, or ‘fetal cortex’ has also 
been called the X- or androgenic zone, the latter term is applied because 
it has certain hormonal functions like the testis Simultaneously with the 
regression of the provisional cortex, the enveloping permanent cortex grows 
farther centrad The glomerular zone, next the capsule is already present 
at birth, and there is the beginning of a fasciculate 7one as well The 
fasciculate and the reticular zones become w ell defined w ithm a few months 

The chromaffin cells of the medulla are descended from the pnmitive 
ganglia of the coeliac plexus of the sympathetic system In embryos of 
seven weeks, when the cortex is already prominent, masses of these cells 
begin, to invade the medial side of the cortical pnmordium (Fig 449 D) 
The continued migration of these cell clusters bnngs them to a central 
position in the gland {E) Such immigration ceases at the end of fetal life 
and the chromaffin tissue becomes grouped in cords and masses Like most 
other ductless glands the suprarenal tissue is permeated ivith a profuse 
network of sinusoidal capillaries 

Anomalies — Multiple pnmordia or secondanly separated portions of the parent gland 
frequently form, accesiorv suprarennh As a rule, such accessory glands are composed of 
cortical substance onl\ they may migrate some distance from their onginal position, often 
accompanying the genital glands and also locating within the kidney In fishes the cortex 
and medulla occur normallv as separate organs m higher nnimals there is an mcreasmgly 
intimate association between the two parts until the climax is reached m mammals where the 
cortex cncapsuUtess the medulla 
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number from u^thout m^\ard ® In the cat, lamellar corpuscles increase in 
number b> budding 

A tactile corpuscle originates ^\lth a looping plexus of terminal nerve 
fibers located just beneath the epidermis (Fig 450 B), this plexus becomes 
encapsulated along %\ith a cluster of mesenchymal cells Differentiation 
begins at four months, but is not completed until a >ear after birth * The 
history of certain specialized \anants, such as Ruffini’s terminal cylinders, 
Krause s end bulbs and the genital corpuscles is less well known 

Ncurojnuscular spindles probably begin their differentiation during the 
third month ® ^ A plexus of nerve fibers first comes into relation wuth a 
group of myoblasts The latter take the form of a tapenng bundle and 
the whole is encased in a connectne-tissuc capsule (Fig 450 O 

, w'v \\i\ ' , fi. 


Fic 450 — DjfTcrentiation of scnsor> ncr\e endings {after Tello and Szjmonowjcz) A, 
Lciniellated (P-iannn) corpuscle from i chn-k cmbr>o of fifteen dajs (X 275) B, Ner\c loops of 
a tactile corpuscle from a human fetus of se\cn months (X 500) C, Ncuromuscuhr spindle, from 
a chicfc embr)o of t«el\e dijs (X 500) D Neurotendmous spindle, from a human fetus of six 

months (X 400 ) 

Nenrotendtnous end organs develop concurrently with muscle spindles ^ 
Their branching nerve fibers end on an encapsulated bundle of tendon 
fibers (Fig 450 D) 

THE GUSTATORY ORGAN 

In fetuses of two months local thickenings of the lingual epithelium 
represent the first taste buds ^ The parent tissue is mostly entoderm, yet 
some buds are located m ectodermal temtory The basal cells of such a 
thickened spot lengthen and extend toward the surface of the epithelium 
(Ihg 451) This produces an epithelial cluster which, in later fetal months, 
1 erentiates further Some of the elements specialize into slender taste 
s, ending in hair-hke receptive tips, while others become columnar ‘suo- 
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THE SENSE ORGANS 

The sense cells of pnmitive animals, such as \vorms, are ectodermal 
in ongin and position and generalized in their receptive capacities Only 
the sensory cells of the vertebrate olfactory organ retain this pnmitive 
location, even though the germ-la>er origin has remained unchanged Dur- 
ing evolutionary history the cell-bodies of all other primary sensory neurons 
are believed to have migrated inward to form the dorsal ganglia * As a 
result of such centralization the peripheral processes have assumed new 
relations they end freely in the epithelium and connective tissue, become 
enclosed within connective-tissue capsules, or appropnate new epithelial 
cells that serve as sensory' receptors (taste, heanng) 

Among the sense organs are receptive elements of general sensibility 
which belong to the integument, muscles, tendons and viscera, these mediate 
such general sensations as touch, pressure, muscle and tendon sensibilitj, 
temperature and pain Other organs, of a special sensory nature, are 
responsible for the sensations of taste, smell, vision and heanng Each is 
attuned to a specific and exclusive kind of stimulus The organs of smell, 
vision and heanng are distance receptors, they stand in contrast to all others 
that collect information from the organism itself, and especially from its 
integument The apparatus for smell and taste consists of little more than 
the special sensory cells and fibers alone, at the other extreme are the eye 
and ear which possess elaborate accessory mechanisms for receiving the 
external stimulus and converting it into a form suitable to affect the sensory 
cells proper 

GENERAL SENSORY ORGANS 

Free nerve terminations are by far the commonest of all the general 
sensory organs There is no definite specialization, the terminal branches 
of the sensory nerve fibers merely ending among the cells of the epithelium 
or in the connective tissue Free nerve endings begin to invade the epi- 
dermis at the end of the third month, while Merkel’s tactile discs organize 
one month later * 

Lamellated corpuscles include several vanant types, but all are funda- 
mentally alike Their differentiation begins in fetuses four months old and 
is completed at eight months * A corpuscle starts as a mass of mesenchymal 
cells clustered around a nerve termmation (Fig 450 A) These cells multi- 
ply flatten and give nse to concentric fibrous lamellse which increase m 
478 
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(B) Each nasal cavity then opens to the outside through an external nans 
and communicates internally through its prtmtlu'c ckoaua mth the oral 


Nasal septum 


Frortlo nasal process 



ilaxtllary proceSs^^^ 
Mandibular process 


■ 

Lateral nasal 


Process 


Afedtan nasal-’ 


process 


ASoxtUary-^ 



Fig 452 — Development ot the human olfactor> pits (after Peter) A, At 5 mm ( X 24) 
ri mm (X 12) 



A B 


Flo 453 —Do\ elopment of the human olfactorv pits showm in transverse sections A Left 
half, at 5 mm (X 25) right half at 7 mm (X 17J B Left half at 9 mm (X 21; nght half, 
at 12 mm (X 21) 



Premaxillary palate^ 

Vnrupiured primtltte choana 



454 — Earl} nasal cavity of man illustrated by hemisections A Medial half of left 
(after Schae/Ier X 55) B, Lateral half of nght cavity, at seven weeks (after 


Wvity Mesenchyme proliferates beneath the floor of the sac, thereby 
orming the primitive palate (A, B) This differentiates both into a 
niedian part of the lip and into the so-called premaxillary palate 
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porting’ cells, supposedly nonscnsory Taste buds are supplied by nerve 
fibers of the seventh, ninth or tenth cranial nerves, the fibers branch and 
end about the periphery of the taste cells However, the functional rela- 
tionship between nerve and epithelium is more intimate than one might 
assume since the nerve seems to CKert an organizing influence on the devel- 
opment of taste buds ® Moreover, a taste bud degenerates when its nerve 
IS cut and does not reform until the nerve regenerates 

Between the fifth and seventh fetal months taste buds are more widely 
distributed in the mouth and pharynx than in the adult It is possible that 
this represents a transitory recapitulation of the more widespread distnbu- 
tion occurring in lower vertebrates In late fetuses and after birth many 



Fig 451 — Human nste bud at two 
months m vertical section X 300 


taste buds degenerate , those that survive 
are to be found on the vallate and foliate 
papiUaj, on a few fungiform papillne and 
on the soft palate and laryngeal surface 
of the epiglottis Their location at the 
bnnk of the pharynx, just before swal- 
lowing becomes an involuntary act is 
advantageous The sense of taste is 
present in a premature infant of eight 
months 

The development of the lingual 


papillai has been desenbed in an earlier chapter (p 208) 


THE NOSE 

The development of the nose is bound up with the changes that pro- 
duce the face and mouth The first indication of the olfactory organ is an 
oval area of thickened ectoderm occurring on each ventrolateral surface of 
the head in embryos about 4 mm long (Fig 452 A) This olfactory placode 
straightway becomes an olfactory pit bounded by an elevated margin {B) 
Actually the early pit is more like a groove, since it is deficient ventrallj 
and communicates with the oral cavity, as in sharks At this period it is 
convenient to designate the marginal wall as a mcdxan and a lateral nasal 
process, separated by the olfactory pit Figure 453 shows similar stages as 
they appear m sections Close at hand laterally are the maxillary processes 
of the first branchial arches while in the midplane is the tissue that repre- 
sents the future nasal septum (Fig 452 B) How these parts combine to 
produce the nose is shown clearly in Fig 138 

When the fusions of the maxillary and nasal processes convert the nasal 
grooves into blind sacs, the opemng is the external narts (Fig 454 A) At 
its deep end the olfactory sac is separated from the mouth cavity by an 
epithelial plate nhich thins caudally and ruptures during the seventh week 
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palate (Fig 457 B and 459 A) Their internal opening into the pharynx 
IS by secondary, permanent choaucD, or postcnor narcs From the second 
to the sixth month the external nares are closed by epithelial plugs 

The lining of the upper part of the nasal cavity is transformed into 
olfactory epithelium (Figs 455 to 45?) Many of its cells become elongate 
sensory elements which are really bipolar nerve cells (Fig 456 B) At the 
bulbous free end a diplosome divides to produce six to eight basal bodies, 
each of which sends forth a fine sensory bristle The basal end of the cell 
tapers into an olfactory nerve fiber which joins others and grows brain- 
ward (Fig 439) Interspersed between the olfactory cells are inert, sup- 
porting elements The rest of the nasal epithelium is ciliated and glandular 
in structure, and respiratory m function, it covers most of the septum and 
conchas and lines the ethmoidal cells and paranasal sinuses (Fig 459) 




Pio 457 —4, Relntion of the hum-m nasnl septum and palate, shown m a sapittal section of 
a fetal head (after Frazer) B Right nasal ca\jt>, m mednn \ie\\, shown by 1 cast at 11 weeks 
(after Broman, X 12) 


The Vomcro-nasal Organs (of Jacobson) are rudimentary epithelial 
structures which first appear in 8 mm embryos as a pair of grooves, one on 
the median wall of each nasal cavity (Figs 453 B and 454 A) The grooves 
deepen and close caudally to produce blind tubular sacs which open toward 
the front of the nasal septum (Fig 458 B) Nerve fibers, arising from the 
epithelial cells of the organ, join the olfactory nerve, and still other fibers 
from the terminal nerve end in its epithelium Special cartilages are devel- 
oped for the support of the vomero-nasal organ (Fig 455), and during the 
sixth month it attains a length of 4 mm In late fetal stages the vomero- 
nasal organ often degenerates, but it may persist in the adult This organ 
is not functional in man, yet in many animals it evidently constitutes a 
special olfactory apparatus, perhaps useful in sampling odors 

The human concha are poorly developed in companson to those of some 
mammals They include several elevated folds on the walls of the nasal 
passages folds that secondanly become supported first by cartilage and 
en by bone The maxtllo-Uirhinal develops first and is followed by five 
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middle concha from the first cthmo-turbinal {//), and the superior concha 
from the second and third ethmo-turbinals (III, I\ ) Often a supreme 
concha remains as the represcntalue of the highest cthmo-turbinals The 
naso turbinal becomes the inconspicuous ag^cr nast of man 

In communicTtion with the nasal ca\ity arc several irregulTr chambers 
known collectively as the paranasal sinuses (Fig 459 A) All are first 
indicated at about the fourth month, but most of their expansion occurs 
after birth (B) Destruction of bone ncighbonng the nasal cavities, in 
order to make room for the expanding sinuses, proceeds apparently under 
the influence of the lining epithelium This nasal epithelium advances at 
equal pace w ith the destruction, and its invaginatcd sacculations serve there- 
after as a lining to the sinuses The ethmoidal alls develop m the grooves 
between the pnmitivc cthmo-turbinals and arc fairly 
well differentiated in the later fetal months I he mav- 
i/Zary sinus mvaginates from the groove between the 
maxillo'turbinal and first cthmo-turbinal and is of 
appreciable size in the new bom The supenor portion 
of the same furrow gives nse to the frontal sinus which 
undergoes most of its development after birth The 
caudal end of each nasal fossa is set aside as a sphenoidal 
sinus, but actual invasion of the sphenoid bone docs not 
occur until the third year of childhood 

Anomalies — Stenosis of the narcs or an incomplete septum 
represents the retention of normal1> temporary fetal conditions 
Failure of the region between the nnsal sacs to consolidate into a 
typical septum lends to a doubling of the nose this ranges from mere 
apical bifurcation to complete dupliaty (Fig 460) The most striking nnomnlj is associated 
With cyclopia (p 497), in such cases the nose is a tubular proboscis nttnehed above the 
single median e> e (F ig 47 2 C) Other malformations may bo introduced by hare lip and 
cleft palate, as already described 

THE EYE 

Comparative anatomy fails to give any clue to the evolution of the 
vertebrate eye, since it is highly organized even in the lowest groups Its 
matenals come from three sources (1) the optic nerve and retina are denv- 
atives of the fore-brain , (2) the lens arises from the ectoderm of the head , and 
(3) the accessory tunics and the mechanism of accommodation differentiate 
from the adjacent mesenchyme 

In embryos with eight somites a vaguely expressed optic field can be 
1 entified on each of the widely spread halves of the future fore-brain (ef 

393 Q A little later a definite pit occurs m this region, but the actual 
optic field IS larger than this, as the outlined areas on Fig 461 A show” 
rontal section at this period demonstrates how shallow the pit is (B) 





Pig 460 —Cleft 
nose iccompimed 
by mednn Inrc lip 
and an abnormally 
large mouth 
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cthmO'Uirbtmls arranged m a senes of decreasing size (Figs 456 A and 458 
A) The ethmo-turbinals anse wholly* or in part* on the median walls, 
and by a process of unequal growth are transferred to the lateral walls 



Fie 458 — -Nasjl nails m human fetuses near term A, Reconstruction of the lateral wall 
of the right nasal passage (Prentiss after Killian) /, maxilloturhinal //-)/, ethmo-turbinals 
B Left surface of the nasal septum uatb the vomero nasal organ indicated (after Coming) 




FxG 459 — Later relations of the human nasal wall A, Conchx and paranasal sinuses, shown 
on the nght half of a longitudinally sectioned head the fatol-en straight line indicates the position 
of the primitive choana 3 Postnatal growth of the frontal and ma’ailarj sinuses indicated on 
a frontal section (after Tomgiani) 4, Adult, ill, newborn 4" old age i~is years 

The noso-ttirbuial is very rudimentary and appeirs merely as a slight ele- 
vation near the rostral end of the maxtllo turbmal Important growth 
changes continue e\en into childhood In adult anatomy (Fig 459 A) 
the mfrtor concha forms from the maxdlo-turbmal (Fig 458 A, I), the 
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are set at an angle of 160“ to each other, at ten rveehs broadeamg of the 

1. j u A tViic; tn 7'*° which IS not much greater than the permanent 

SuS" 

^'’with "hTs^ntoductoo statement for a background, the details of the 
development of the eye mil now be set forth 

The prepnu.ord.un. of the c> es .s comn.on opt.c field on u h.ch 
auction of tuo c>es depends upon factors opcrat.ng dunng dc.elopmcnt 



Fig 462— Human optic pnmordia shoT\'n as models in side mcv . (after Mann) X loo 
The lens is sectioned and the optic cup m A and C has been partlj cut away .< 4 , At 4 5 mm 
B at 5 5 mm , C, at 7 5 nim 

The invagination of the optic vesicle is a self governed process, which takes place e\ en 
after transplantation to a strange locality Moreover, the optic vesicle possesses the abiht> 
to act as an organizer and induce lens formation m the overlvmg ectoderm, it may even do 
this m regions that normally never differentiate a lens Nevertheless, the ectoderm of dif- 
ferent species possesses a capacity for independent lens formation m varying degrees m 
some a lens does differentiate after removal of the optic vesicle ** 

Differentiation of the Optic Cup — From its beginning, the optic cup 
IS imperfect because of a notch that affects both layers of its double wall 
This defect is brought about by the original invagination extending at one 
point past the cup and continuing as a groove that courses along the optic 
stalk (Fig 462 B, C) The mendionally located defect in the cup and the 
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but slightly later the evagination (opttc vcstclc) is more extensive (C, D), 
concomitantly the union of the neural folds into a tubular brain is advancing 
to completion 

Embryos not quite 4 mm long have progressed to the extent that the 
swollen optic vesicles are attached to the brain wall by relatively constneted 
opltc stalks (Fig 408 A, B) This condition is followed quickly by the 
stage of the optic cup, which is characterized by an indenting of the distal 
wall of the vesicle brought about by rapid, marginal growth The result is 
a double-layered cup, connected to the diencephalon by a tubular optic 





Fig 461 — Development of the human optic vesides A Bram at twelve somites m front 
view (after Bartelmez X 50) B Section at fourteen somites in the plane indicated on A 
(X 50) C Brain, at fifteen somites in lateral view (after Wen X 66) D, Section at sixteen 
somites m the plane indicated on C (X 50) 


stalk (Figs 462 and 463) The optic cup is destined to become the retina, 
or the essential sensory epithelium of the eye, while the optic nerve will 
grow from it back through the stalk to the brain Meanwhile, the surface 
ectoderm overlying the optic vesicle thickens into a lens placode This 
straightway pockets inward to produce the lens vesicle, or lens pnmordium, 
which then occupies the concavity of the optic cup (Fig 462) While these 
fundamental parts are differentiating further, the accessory vascular and 
fibrous coats of the eyeball orgamze from the surrounding mesoderm (Fig 
6 ) The axes of the primitive eyes m an embryo not yet six we-'ks old 
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The outer, thinner component of the optic cup becomes a simple epi- 
thelium knoun as the pigment layer Pigment granules, elaborated from 
the cj toplasm,'^ ■' appear in its cells in embrj os of 7 mm and the pigmen- 
tation IS soon dense (Fig 46S) It extends even to the pupillary' margin 
of the optic cup 

The internal, thicker la>er of the optic cup becomes the iicnous layer 
In it ma> soon be recognized (Fig 470) (i) the thinner pars C(rca, a non- 
nervous zone bordering the nm, and (2) the thicker pars opUca,ii, truly 
nervous portion lining most of the cup The line of demarcation between 
thesetworegionsmakcsa wavy circle, the ora serrata Through the develop- 
ment of radial folds, just pcnphcral to the ora serrata, the ciliary bodies 
are foreshadowed The pars cxca of the retina is thereby subdivided into 
a pars cdians and pars indtca The pars cihans, wnth a co extensive zone 



Fig 464 — Earlydinerentntionorthener\ousla>crot thehuman rctim, shown m 1 vertical 
section dt three months (Prentiss) X 440 At left, Cajal s amljsis of the component element 
after silver impregnation at nght, the appearance with ordmarj stains 


of the pigment layer, covers the definitive, vascular cihary bodies The pars 
indica, bordenng the pupil, owes its existence to the continued growth of 
the margin of the optic cup ” It blends intimately with the similarly 
extended pigment layer and becomes pigmented like the latter These two 
layers constitute the epithelial basis of the ins 

The pars optica, or nervous portion of the retina, begins its peculiar 
differentiation near the optic stalk, from which center the process extends 
progressively penpherad An outer, nuclear layer (next the pigment coat) 
and an inner, fibrous layer (next the cavity of the cup) can be distinguished 
in 12 mm embryos (Fig 463 A) These correspond respectively to the 
ceUular layer (ependymal and mantle zones) and marginal layer of the neural 
nbe In the third month the retina shows three strata, large ganglion cells 
in the meantime having migrated inward from the outer layer of rod and 
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furrow-likc groove of the stalk together comprise what has been inappro- 
pnatelv named the chonoid fissure As a necessary result of this type of 
invagination, the internal as well as the external layer of the optic cup is 
continued into a corresponding component of the stalk (Fig 463) It will 
be noticed that the optic stalk meets the cup below its central axis, this fact 
and the presence of the chonoid fissure account for the varying appearances 
obtained in sections cut through different planes at early stages 

Dunng the seventh week the hps of the chonoid fissure close, so that 
the double-walled cup is complete and symmetneal, while the stalk becomes 
a tube within a tube (Fig 466) By the formation and closure of the 
chonoid fissure the inner layer of the optic cup is continued dircctlj back- 
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layer, axons from its multipolar cells comprise the nerve fiber layer The 
nerve fibers converge to the optic stalk, and in embrj os se\ cn v, ecks old 
grow back in its wall to the brain (Fig 466 -d) The cells of the optic stall: 
are converted into a scaffolding of neuroglial supporting tissue, and the 
cavity in the stalk is rapidl> obliterated {B) The optic stalk is thus trans- 
formed into the optic ncr>,e, containing a central artery and vein %\hich 
onginallj coursed along its open groove (chonoid fissure) 

The site of keenest vision in the retina is a small area, known as the 
ntacitfa Uiha, that differentiates late in fetal life and in early infancy The 
macula lies in the direct Msual axis, this spot is particularlj charactenzed 
by a thinner, highly specialized center which lies at the bottom of a shallow 
pit, or focca centralis These structures and the partial crossing of optic 
fibers at the chiasma are associated with binocular vision and the fusion of 



Fic 466 — Transformation of the human optic stalk into the optic nerve, shown in transverse 
sections (after Bach and Scefelder) A, At 14 5 tnm (y 275) B, at 19 mm (X 350) 


images m higher primates The human eye is sensitive to light in the sev- 
enth month, but form perception and color discnmination are not acquired 
until some time after birth 

The Lens — For a short time the saccular pnmordium of the lens is 
still attached to the parent ectoderm and nearly fills the cavity of the optic 
cup (Fig 462) In embryos of 8 mm it has detached and lies free as the 
ens usicle, at this stage it is a hollow spheroid whose inner wall is already 
thicker than the outer one next the surface epithelium (Fig 463 A) The 
ceils of the outer wall remain a low columnar type and constitute the per- 
manent lens eptthchum The cells of the inner wall ire also single-layered 
hcy increase rapidly m height and at about seven weeks obliterate the 
onginal cavity (Figs 468 A and 467 A) 1 hese cells transform into trans- 
parent lens fibers Toward the end of the third month such pnmary lens 
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cone cells (Fig 464) In a fetus of the seventh month all the layers of the 
adult retma can be recognized (Fig 465 A), and at this time it is knovin 
that light perception is possible 

As in the wall of the neural tube, both supporting and nervous tissues 
appear (Fig 464) The supporting elements, of fibers of Mfdlcr, super- 
ficially resemble cpend> mal cells and are arranged vertically Their termi- 
nations unite with the internal and external lumtin^ membranes which bound 
the nervous retina , the actual membranes are described as a formed product, 
after the nature of terminal bars The outermost neuroblasts of the 
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Fio 465 — Later differentiation of the huinin retina A, At seven months in vertical sec 
tion (after Prentiss) X 44a at left the chief neurons shorni by sil\ cr technique at nght ap- 
pearance Vi ith ordinary stains B, Early cone cells dunng the fifth month (after Magitot X about 
750) C, Rods and cones during the seienth mon*h (after Seefe’der X 750) 


retina transform into rod and cone cells, which are at first unipolar In 
fetuses of seven months speaahzed processes protruding from them through 
the external limiting membrane have differentiated into the visual rods and 
cones (Fig 465) These are the receptive, x isual elements of the retma 
How the retina became ini-erted so that light has to pass through it before 
encountenng the rods and cones is a matter of speculation “ Next m posi- 
tion internally comes an intennediate layer, composed mostly of bipolar 
cells these make connections both with the layer above and with the one 
below The innermost stratum of nerve cells is the so called ganglion cell 
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Every lens fiber extends the whole distance from the back surface to 
the front As new fibers are progressively superposed in mendional senes, 
they necessanl> become longer and longer The charactenstic lens stitiircs 
make their appearance on the proximal and distal faces of the lens w'hen 
the longer, newer fibers overlap the ends of the shorter and older ones 
(Fig 470) By an intncatc yet orderly arrangement of fibers the simple 
linear sutures first laid down (Fig 467 B) expand into hns stars containing 
three, and finallj six or even nine rays (C) Lens fibers continue to be 
added throughout life, but the size of the lens does not increase much in the 
adult years The structureless capsule of the lens is apparently derived 
from the cells of the lens vesicle The lens of the early fetal months is 
sphencal and relatively large 

The Vitreous Body and Intraocular Vessels — The concavaty between 
the lens and the optic cup becomes filled during the second month with a 



Pig 469— Human eyeball and ejelids, it tno months, in loncitiidiml section X 15 

hyaline, fibnllar jellj which comes to be known as the vttreous body (Fig 
469) Modem investigations agree that this substance is pnmanly an 
epithelial product Its early ‘secretion’ from lens tissue soon ceases, but 
the Vitreous substance is progressively increased by fibnllar processes that 
project from the surface of the retina, they probably grow out from the 
young supporting cells of Muller (Fig 468 B) Those fibers laid down by 
the pars cilians retina; seemingly become the zonula ciharis, or suspensory 
ligament of the lens 

Only when the pnmitive vitreous body is partly developed does mes- 
enchyme first appear within the optic cup Some of it enters through the 
chonoid fissure with the hyaloid artery (Fig 468 A) Still other mesenchy- 
mal cells gam entrance around the edge of the cup in association with the 
lens The fate of all this invading mesenchyme — whether it contnbutes 

significantly to the structure of the vitreous or whether it degenerates is 

not yet decided beyond question 
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fibers attain a length of o i8 mm , whereupon they cease dividing into new 
fibers and their nuclei degenerate All additional fibers anse from prolifer- 


Prottferatue tone 



A 



^ C 


Fio 467 — Differentiation of the human lens A, Section throuRh the lens of a 20 mm 
embryo (X 100) S, C, Diagrams of the formiUon of sutures (Mann) B represents a stnge nhen 
sutures are linear like the adult dogfish lens (front suture horizontal, back suture vertical) C 
shot! 8 a four pointed star of the early adult 




PlQ Differentiation of the human vxtreous body 4 , Optic cup at 12 mm m longi 

tudmal section (after Prentiss X 100) B, Detail of the vitreous body and its relation to the 
retina, at two months 

ating cells located in an equatorial zone where the less speaalized lens 
epithelium joins the lens-fiber mass (Fig 467 A) 
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sheath of the optic nerve Toward the front of the e>eball the fibrous 
coat IS designated the cornea (Fig 470) This consists of transparent con- 
nective tissue, surfaced externally with ectodermal corneal epithelium and 
lined intemallj with the endothelium oj the anterior chamber The latter 
represents the first mescnchjmal cells that grow in from the sides, whereas 
the mam substance of the cornea fills in secondanlv between ectoderm and 
endothelium “ ^ 

The chorioid is the inner of the two pnmar> mescnchjmal tunics of 
the ejeball (Fig 469) It is located between the sclerotic coat and the 
pigment layer of the retina The chonoid pnmordium acquires a high 
vasculanty in embry’os as >oung as six weeks, moreover, its cells become 
stellate and pigmented, so that the tissue is loose and reticulate This 
vascular la>er, in which course the chief vessels of the eye, corresponds to 
the pia mater of the brain Distal to the level of the ora serrata, the 
primitive vascular coat differentiates into (Fig 470) (i) the connective 
tissue of the ciliary bodies, (2) the unstnped fibers of the ciliary muscle, 

(3) the connective-tissue stroma of the ins The pigmented labors of 
the ms arc denved both from the pars indica retinre and from a correspond- 
ing zone of the pigment epithelium Certain cells of this region, denved 
from the external (onginal pigment) la>er of the optic cup. give nse to the 
pupillary muscles of the ms, which are thus exceptional by virtue of their 
ectodermal ongm The lustrous tapetum, which reflects light in lower 
mammals, is not represented m the chonoid of man 

The anterior chamber is not a simple cleft occumng in the mesenchyme 
between ectoderm and lens (Figs 469 and 470) Rather, the cornea dif- 
ferentiates first, whereas the mesoderm overlying the lens is an independent 
and secondary ingrowth from all sides ^ This mesodermal tissue between 
the anterior chamber and the lens is the pupillary membrane (p 494) The 
continued penpheral extension of the antenor chamber is responsible for 
the separation of a definite trts from the cornea Close to the margin of the 
antenor chamber, at the junction of cornea and sclera, there is an important, 
nng shaped drainage space, the scleral venous sinus (canal of Schlemm) 
The posterior chamber, between the ins and the lens, makes a relatively 
tardy appearance 

Accessory Apparatus — The Eyelids develop as folds of the integument 
adjacent to the eyeball (Fig 469) These folds are indicated at the end of 
the seventh week, and two weeks later their edges have met and fused 
470) This epidermal union begins to break down in fetuses five 
months old, but the eyes do not reopen until the seventh or eighth month, 
in some mammals this is delayed until after birth A third, rudimentary 
ejehd, perhaps incorrectly homologized with the functional nictitating 
membrane of lower vertebrates,®' is represented by the adult phea semi- 
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The lens tissue proper is at all penods wholly non vascular However, 
blood vessels do spread over its surface Some of these come from the 
hyaloid artery This is a continuation of the central artery, which in 6 mm 
embryos courses along the guttcr-like groove of the optic stalk, enters the 
back of the optic cup through the chonoid fissure, and (renamed the hyaloid 
artery) extends to the back surface of the lens (Fig 468 A) Other vessels 
from the region of the ms supply the front of the lens in a corresponding 
mesenchymal layer called the pupillary manbranc (Fig 470) The invest- 
ment as a whole constitutes the lasciilar tunic 0/ the lens It flounshes 
during the period of chief growth of the lens and attains its highest develop- 



Fig 470 — ^Huraan eyeball and eyelids at three months m longitudinal section (after Prentiss) 

X 27 

ment m the seventh month , at birth the tunic has usually disappeared The 
hyaloid arter> also degenerates completely the only permanent trace being 
the lymph path of the hyaloid canal through the vitreous body 

The Fibrous and Vascular Coats “ — Dunng the seventh week the mes- 
enchyme surrounding the optic cup begins to specialize into two accessory 
coats (Fig 469) The outer one is more compact and becomes a definitely 
fibrous tunic — the sclera and cornea The inner, looser covenng organizes 
into the vascular chonoid it also contributes to the aliary body and ins 
The mesenchymal sclera transforms into dense, white-fibrous tissue 
It covers the base and sides of the ^eball The sclerotic coat corresponds 
to the dura mater of the brain, with which it is continuous by way of the 
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and cornea are said to lx, acquired alximtions, since there is no normal stapc of de\elop 
ment when the^e tissues arc not clear*' Rctaincil portions of the pupillar% membrane ma\ 
cross the pupil and so interfere with \ision (I ig 472 1) a similar obstruction in the \isual 
path is presented b\ a persistent h\ aloid artera I ack of pigment m the retina and ins is 
usuall> associated with general albinism Congenital ghiucoriit results when the canal of 
Schlemm fails to dc% elop and furnish normal drainage for the intraocular fluid The absence 
of a sector (or an> local area) of the ms, ciliar\ IkkU or chonoid tunic produces a defect 
known as coloboma (B), contrars to common Iwlief, gaps in the retina proper do not occur 
Coloboma is usually said to result from improper closure of the cmbnonic chonoid fissure 
but such a simple explanation is not in accord with all the facts '* (If c\ clid defects the licst 
known IS a cleft or split in the upper hd In a single, median c^c rcpl ices the usual 

paired condition (C) all intcrgrades exist from closcU approxtm itcd es cs to perfect units 
This is the result of faults organization of pairwl optic centers in a pnmitisc, common eje 
field’ (p 487) In cases of cs elopia the nose is usualls a cs lindric il probo-scis situated at the 
base of the forehead abose the meihan esc 



Ficj 472 — Anom ihcs of the Immin esc A Persistent pujnl! irs membnne in in tihiU 
B Coloboma of the ms C C>eIopta of a ncwboni, with a single escbill but partial doubling of 
the lids abos e the cs e is the probosci like no«c 


The human ear consists of a sound-conducting apparatus and a rccep- 
tise sense organ (Fig 479 B) The reception and transmission of sound 
biases is the function of the cxlcrital and middle cars The end organ proper 
IS the mtcrnal car, ssith auditory sensibility residing in its cochlear duct 
The remainder of the internal ear (semicircular ducts, utnculus, sacculus) 
serves as an organ of equilibration, this apparatus constitutes the entire 
of fishes 

The Internal Ear — The epithelium of the internal ear is denved from 
the ectoderm Its first occurrence is in the form of a thickened ectodermal 
plate, the auditory placode, located midway alongside the hind-brain (Fig 
473 A) The paired placodes have been recognized in embryos with as 
ew as two somites, but they are not prominent until about the nine-somite 
stage’* Similarly, when ii somites are attained the placodes already are 
eginning to bend inward feebly, whereas distinct auditory pits are better 
seen somewhat later (B) In embryos of about 24 somites (nearly 4 mm ) 
e cup-hke pits close into otocysts which, however, still remain in temporary 
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lunans at the inner angle of the eye The ectoderm of the outside of the 
hd differentiates into epidermis Contrasted is the continuation of ecto- 
derm on the internal surface of the lid and its reflection over the front half 
of the sclera and all of the cornea, this is a mucous membrane named the 
conjunctiva (Fig 470) The ctha, or eyelashes, develop like ordinary hairs 
at the edges of the hds, they arc provided both vith sebaceous glands 
(of Zeis) and ivith modihed sweat glands (of Moll) About thirty tarsal 
glands also arise along the edge of each hd (Fig 471), these glands (of 
Meibom) are sebaceous m nature The hair follicles for the ciha begin 
developing dunng the tenth week They arc followed closely by the several 
glands associated with the ciha and eyelids These start budding earlj in 
the fourth month while the eyelids arc still fused 

The Lacrmal Glands appear during the ninth week as approKimatel> 
SLX knobbed outgrowths of the conjunctiva (Fig 471) The> he dorsally 



Fia 471 — Development of the tarsal and lacrunal elands and the lacnmal duct sjctetn of the 
human eye shown bj diaframs (adipCed after Ask) 


near the external angle of the eve At first the pnmordia are solid epithelial 
cords, but they soon branch and acquire lumma 

Each Naso-lacnmal Dud anses in 12 mm embryos as a ndge-hke 
thickening of the epithehal hning of the naso-lacnmal groove (Fig 366 A) ® 
This groove, it will be remembered, extends from the inner angle of the eye 
to the pnmitive olfactory sac and separates the maxillary and lateral nasal 
processes of its respective side The duct-thickenmg becomes cut off and, 
as a solid cord, sinks into the underlying mesenchyme A secondary sprout 
grows out to each eyelid to compnse the lacnmal ducts (Pig 471), while an 
extension in the opposite direction connects with the nose (Fig 456 A) The 
nasal end of the lumen is not completed until birth The canmcula (the 
reddish elevated mass at the inner angle of the eye) is a part of the lower 
hd secondanly elevated by the corresponding lacnmal duct (Fig 471 B)^'^ 

AnomaUes Absence of the {anophfkalmta) and reduction in its size {n'lcropk 

ikahnia) are known, as is the virtual absence of the lens (apfiakta) Opacities of the lens 
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Early in the eighth ^eek (Fig 475 Q the endolymph duct and the 
three semicircular ducts are ^^ell represented, at the same time the mam 
sac IS dividing into utncle and saccule, and the cochlear duct has begun to 
coil like a snail’s shell It \m 11 be noticed that the antenor and posterior 
ducts have a common limb opening dorsally into the utncle, their opposite 


abserpt foci 



C D 


475 — De% elopment of the left membnnous labj-nnth shou-n m litenl \ lews of models 
(Streeter) X 25 A, At 6 6 mm B it 13 mm C at 20 mm D it 30 mm The colors, \elloiv 
and red indicate lespccti’. e\% the cochlear and Ncs>tibu\ar diMsions of the icouslic ner\e ind its 
ganglia 

absorpt fact Area iihere absorption is complete crus crus commune c sc lal , c sc post 
c sc sup lateral postenor and anterior semictrculir ducts endolymph endoljmph duct sacc 
sacculus sac endol endolj mph sac uirtc utnculus 

ends and the rostral end of the lateral duct are dilated to form ampulla 
Constriction separates the utnculo-saccular region (C) into a dorsal portion, 
the utnculus, to tthich are attached the semicircular ducts, and a \entral 
portion the sacculus connected with the cochlear duct Early m the third 
month the general adult form of the internal ear is nearlj attained ( D) At 
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union with the ectoderm (C) At the close of the fourth week (s mm ) the 
otocyst, or auditory vesicle, is a detached, ovoid sac It lies opposite the 
fifth neuromere and is m contact rostrally with the acustico-facial ganglionic 
mass (Fig 405) 

Approximately at the point where the otocyst joined the ectoderm, a 
tubular recess, the endolyutf’h duct, straightway pushes out as a new growth 
and then shifts to a mesial position (Fig 474) Hence the human endo- 
lymph duct may not correspond precisely to that of selachian fishes which 



ABC 

Fig 473 —Development of the human otoc>st, illustrated in transverse sections A, At nine 
somites (X 80). B at sixteen somites (X 60) C at about 4 mm (X 40) 


/'Filfe, connects the otocyst permanently mth 

dtid ij the extenor In higher vertebrates its 

Dud R| -J-l blind extremity dilates into the endolymph 

portion _ week the 

ovoid otocyst elongates still further in a 
portion V'\ dorsoventral direction (Figs 474 and 

portion — P narrower, ventral part then 

*-* ’ S begins coding into the cochlear diict 

Brain vr .V-'- {B-D) In the fifth week the most dor- 
sal portion of the otocyst already shows 
longnutaal section (Hie) X 50 mdicahons of the developing semtctrcular 
dttets (A), while an intermediate region 
IS destined soon to subdivide into utricle and saccxde {B-D) 

The semicircular ducts are well outhned at six weeks as two pouches — 
the anterior and posterior ducts from a single pouch at the dorsal border 
of the otocyst, the lateral duct from a horizontal outpocketmg (Fig 475 
Ji , B) The seventh week is occupied with the rough modeling of the oto- 
cyst into an approximation of the definitive membranous labyrinth (C) 
Centrally the walls of the two secondary pouches just mentioned, flatten 
and fuse into epithelial plates, but canals are left at the periphery commum- 
cating with the remainder of the otic vesicle Soon the solid central por- 
tions of the epitheUal plates break down, leaving the semicircular ducts free 
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thehum differentiate both into sense cells, which bear bnstle like hairs at their ends, and 
into supporting cells The latter elements secrete a jelU like substance (the cupula) upon 
the free surface, into it the scnsor\ bristles project I he uiacnhx of the utnculus or sacculus 
resembles the cnst'c in its dcaelopment, sa\e that larger areas of the epithelium specialize 
into cushion like end organs The f-ce surface becomes coacred with a gelatinous ololilittc 
vtanhraiic which bears superficial calcaiwius deposits, the o/ofonm 

The true organ of heanng, the spiral orgciw, de\ clops slowK m the epithelium of the 
coiled cochlear duct ^ The spiral organ is a continuous strip that lies on the basal side of 
the duct, basal here signifsing in a direction awa\ from the apex of the conical cochlea 
(Fig 476) Differentiation begins as an epithelial thickening in the basal turn and ad\ ances 
progressivclv toward the apex 

The epithelial pnmordium of the spiral organ soon ihvidcs longiliidmalK into an inner, 
larger ndge and an outer, smaller ndge (Pig 477 I) fhe inner cells of the inner ndge be 


Tectorial membrane 




Pig 477 — Differentiation of the human spiral organ at ten to twent> weeks m the has d turn of 
the cochlear duct (after Kolmcr and Alexander) X about I30 


come the tall constituents of the spiral limbus (B) bj contrast, the outer part of the ndge 
undergoes a peculiar autolitic maolution until onh the thin lining of the inner spiral sulcus 
remains (C, D) The outer, smaller ndge is the pnmordium of the s;>irtif organ (of Corti) 
In it appear the flask shaped inner and outer hair cells, while the remaining elements become 
the vanous supporting cells (S-D) The spiral tunnel results from a partial destniction of 
the supporting cells (C) Both ndges are from the beginning co\ cred w ith the gradualh 
thickening tectorial membrane It is a hbnllar and gelatinous substance secreted b\ the 
epithelium ” As the spiral sulcus becomes deeper b> the cellular dissolution alreadi men 
tioned, the membrane spans across its trough (C, D) 

The development of the acoustic nerve and the distnbution of its ves- 
tibular and cochlear divisions are described oti-p “^dTrapd-dlustrater^ in 
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this time the sacculus and utnculus are less broadly connected, the semi- 
circular ducts are relatively longer, their ampulla; more prominent, and the 
cochlear duct is coiled to its final extent of two and one-half turns In the 
adult the utnculus and sacculus arc completely separated from each other, 
but each remains attached to the endolymph duct by a slender canal 
Similarly, the cochlear duct is further constneted from the sacculus, the 
basal end of the former becomes a blind process while a canal, the ductus 
reumens, is the sole connection between the two 

The totally differentiated otocyst, with all its subdivisions, is called the 
membranous labynnih The utnculus and sacculus alone correspond to the 
entire ‘ear’ of vanous invertebrates, in which the organ functions merely 
for equilibration and not for heanng The semicircular ducts and the 
cochlear duct histoncall> are secondary outgrowths from this older part 



In fishes and amphibia the cochlear portion is rudimentarv while in reptiles, 
birds and monotremes it is a straight tube, only in true mammals does a 
coiled canal differentiate The epithelium of the membranous labynnth is 
composed at first of a single layer of low columnar cells At an early stage 
fibers from the acoustic nerve grow between the epithelial cells in certain 
regions, and these areas are then thickened and modified into special sense 
organs Such end organs are the crista: ampullares in the ampulla of the 
semicircular ducts the macula: aaisttca: in the utnculus and sacculus, and 
the spiral or^an (of Corti) in the cochlear duct (Figs 476 to 478) 

The enst"® and maculce are sens>e organs for maintaining equihbrnun and giving infor- 
mation concerning the direction and extent of body movements They differentiate dunng 
the seventh week In each ampulla, transverse to the long axis of the duct, the epithelium 
and underUmg tissue form a curved ndge the crista (Fig 478 B) The cells of the epi- 



THE EKR 


5°3 


ferentiated bj the mesenchj-me The boii} laby rwth is produced in the fifth 
fetal month bj the replacement of the cartilage capsule bj bone The 
central axis of the bony cochlea is exceptional, houever in that it develops 
direetlj from mcsench> me as a membrane bone 

The Middle Ear —Each aiiditoo' tube and tv mpanic cav ity represents 
a draivn-out first pharj ngeal pouch (with which the second perhaps merges 
as well) ’’ The entodermal pouches appear in embryos of 3 mm , enlarge 
rapidly, flatten dorsoventrally, and are in temporary contact w ith the ecto- 
derm (Fig 479 .d) Dunng the last days of the second month the proximal 
stalk of e,ach pouch undergoes actual constriction to form the more cy lin- 
dncal auditory lube This canal lengthens ,and its lumen becomes slit-like 
dunng the fourth month The blind, outer end of the pouch enlarges into 


Auitlors ossicles 

Preosseus embedded tn Ext acoustic 

temporal bone connective tissue meatus 



Fig 479 — Progressne association of the pnmordia of the externnl middle and internal ears 
illustrated by partl> schematic sections A At mx weeks B at three months 


the tympanic caaiy 479 B) It is surrounded b> loose connective tissue 
in which the auditory ossicles develop and for a considerable time lie em- 
bedded In the last fetal months, however, the peculiar spongy tissue that 
surrounds the ossicles undergoes degeneration, while the mpanic cavitj 
expands correspondingly to occup> the new space thus made available, yet 
at birth this process is still incomplete The tj mpanic epithelium on 
encountenng the ossicles wraps itself around them, mesentery-fashion 
Even m the adult, the ossicles, their muscles and the chorda tympani nerve 
(all of which appear to have invaded the t> mpanic cavity) really are outsiae 
since they retain a covenng of mucous epithelium continuous with that 
lining the cavity The pneumatic cells of the mastoid wall result from 
epithelial invaginations, which at the close of fetal life begin to invade the 
simultaneously excavated temporal bone 
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Figs 442 and 475 Nerve fibers arbonze about the bases of the sensory 
cells of the cnstaj, maculce and spiral organ A newborn child hears imper- 
fectly because the external auditory meatus is not entirely free and the 
middle ear cavity is filled almost completely with a gelatinous tissue 
Following the progressive resorption of this material, normally acute heanng 
enters in the first weeks after birth 

The mesenchyme surrounding the membranous labynnth is differen 
tiated into a fibrous basement membrane, which lies next the epithelium, 
and into cartilage which envelops the whole labynnth At about the tenth 
week the cartilage immediately bordenng the labynnth begins a secondary 
reversal of development whereby it returns first to precartilage and then to 



Fio 478 — Differentiation of the human semicircular duct A , Appearance of the penlymph 
space at four months shown m a transverse section (after Streeter X 75) B Cnsta and its 
cupula, at five months sectioned vertically (after Alexander) 


a syncytial reticulum, the latter becomes the open tissue of the perilymph 
spaces 478 A) The membranous labynnth is henceforth suspended 
in the fluid of the penlymph spaces The cochlear duct appears tnangular 
in section, for its lateral wall remains attached to the penpheral bony 
labynnth while its inner angle is adherent to the bony axis (modiolus) of 
the cochlea (Fig 47 6) Large penl3rmph spaces are formed above and below 
the cochlear duct The upper is the scala vestibuh, the lower the scala 
tynipani, both are lined with flattened mesendiymal cells, arranged like an 
epithehum The thin wall separating the cavity of the cochlear duct from 
that of the scala vestibuh is the jesHbitlar membrane (of Reissner) Beneath 
the basal epithelium of the cochlear duct, a fibrous basilar membrane is dif- 
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the plate splits, and the additional cleft acquired in this fashion constitutes 
the innermost portion of the extemil meatus Even at birth a plug of 
cast off cells may fill the lumen 

The tympanic membrane (ear drum) results from a thinning out of the 
mesodermal tissue in the region nhere the blind end of the external acoustic 
meatus is coming to abut against the wall of the tympanic cavity Hence 
the permanent membrane is a fibrous sheet covered externally by ecto- 
dermal epithelium and internally by entoderm The area of apposition 
between these lajers does not correspond to any part of the pnmaiy t>Tn- 
panic cavity, but is at a region added sccondanly through the process of 



Fig 481 — DevelopmPnt of the human auricle (partlj after His) /I At 1 1 mm , B, at 13 5 mm , 
C, at IS mm D adult 

A.F Auncular fold OV, otic vesicle, 1-6, elevations on the mandibular and hyoid arches 
respective^ become i tragus 2 3 helix 4 5 anthdix 6 antUngus 

expansion already desenbed (p 211) At birth the ear drum is set so 
obliquely that it almost lies upon the meatal floor, it erects gradually as the 
meatus lengthens 

The auricle develops around the first branchial groove Its tissue is 
uTmshed both by the first (mandibular) branchial arch and the second 
( yoid) arch During the sixth week six hillocks appear on these arches — 
t ree on the caudal border of the first and three on the second (Fig 48 1 A) 
ortunately, however, there is no agreement as to the exact value and 
a e of these parts For many years it was held that the auncle develops 
n a rather precise manner from the six elevations and from an auncular 
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With few exceptions” ” modem investigators adhere to a pnmary origin 
of the auditory ossicles from the condensed mesenchyme of the first and 
second branchial arches When these pnmordial ossicles are chondnfying 
from single centers, they are still in direct continuation ivith their respective 
cartilaginous arches (Fig 480) Soon the ear bones lose connection with 
the rest of the arch, and articulations arc developed where the ossicles touch 
ecch other The malleus (hammer) attaches to the ear drum, the stapes 
(stirrup) is inserted into the oval window of the penlymph space , the incus 
(anvil), intermediate in position, articulates with the other t^o Of these 
ear bones, the malleus and incus are differentiated m senal order from the 
dorsal end of the first arch (Meckel’s cartilage) Similarly, the stapes is 
denved from the second branchial arch (Reichert’s cartilage) (Fig 480) 
Since Its mesenchymal and cartilaginous stages arc perforated by the 
stapedial artery, the early shape is that of a nng This form persists well into 
the third month when the stapedial artery disappears and the assumption 
of the final shape is begun 


Slapts- 



Branchial arch I 
(ileekel s eorltlaie) 


Tympanum 
Branchial arch II 
{Retekerl 3 corttlage) 


Fig 480 — Origin of the auditofj osMcles from br inchnl irches illustrated in a diagram 


Certain collateral data tend to strengthen the belief in a branchial arch 
ongin for the auditory ossicles For instance, the muscle of the malleus, 
the tensor tympam, is denved from the first branchial arch, the stapedial 
muscle of the stapes from the second arch These muscles are innervated 
by the trigeminal and facial nerves, which are respectively the nerves of 
the first and second arches 

The External Ear — The external ear is a modification of the first 
branchial groove, together with additions from the branchial arches bound- 
ing the groove In a sense, the external acoustic meatus represents the ecto- 
dermal groove itself, which for a time is in contact with the entoderm of the 
first pharyngeal pouch Later, however, this contact is lost and growth of 
the head in thickness tends to separate the meatus from the middle ear 
‘^vity Toward the end of the second month the groove deepens centrally 
ro produce a funnel-shaped pit, the whole canal, thus formed, corresponds 
1 o the outer portion of the definitive meatus From the bottom of the pit 
lUst desenbed, an ectodermal cellular plate grows still deeper until it reaches 
the wall of the tympanic cavity (Fig 479 B) Dunng the seventh month 



REFERENCES CITED 


507 


16 Smith, D T 1920 Johns Hopkins Hosp Bull , 31, 239-240 

17 Mann, I C 1928 The De\eloptncnt of the Htim'in C>c Cambndpc Um\ Press 

18 Special Cmncione, S 1922 Annih di ottil c cltn oculist 50,2-49 

19 Leboucq, G 1909 Ann Soc dc Med deGind 89,66-99 

20 Mn der Stncht, 0 1922 Compt rend Soc biol , 86, 264-266, 266-269 

21 Magitot, A 1910 Ann d oculist, 143, 241-282 

2 Seefelder R 1910 Arch f Ophthil 73» 4t9-537 

23 Parker G H 1908 Am Nat 43,601-609 

24 Mauas, J and MaRitot, A 1912 Arch d Anat micros 14,41-144 
2^ Glucksmann, A 1929 Zcitschr f Anat u nntiMckl 88,529-610 

26 Rones B 1932 Arch Ophthal , 8, 56S-575 

27 Mann, 1 1931 Trans Ophthal Soc Un Kmc , 51, 63-85 

28 Stibbe, E P 1928 Jour Anat 63,159-176 

29 Schaeffer, J P 1912 Am Jour An»t 13,1-24 

30 Contino, A igog Arch f Ophthal, 71, 1-51 

31 Anson B J and Black, W T 1934 Anat Roc , 58, 127-137 

32 Kolmer, W 1927 Bd 3 Tcil i m MoUendorfI s Handbiich dcr mikroskopischcn Anatomic 

des Menschen ’ Spnnqcr Berlin 

33 Prentiss, C W 1913 Am Jour Anat , 14, 425-459 

34 \ an der Stncht, O 1918 Camcjjic Contnb Embriol 7, No 21,53-86 

35 Streeter, G L 1918 Camcpic Conlnb Embrjol,?, \o 20 5-54 

36 Streeter, G L 1917 Am Jour An it 21,299-320 

37 Prater, J E 1914 Jour Anat and Phjsiol , 48, 391-408 

38 Fuchs, H 1905 Arch f Anat u Ph>siol (Anat Abi ) Suppl bd , Jahrg , 1905 1-178 

39 Eschnciler R ign Arch f mikr Anat , 77, 52-77 

40 \ an der Klaauw, C J 1924 Ergcbn d Anat u Enluickl , 25, 565-622 

4* Schnalbe, G 1897 Bd 5 Abt 2 m Bardclebcn’v 'Handbiich der Anatomic des Men- 
schen’ Fisher, Jena 

42 Streeter G L 1922 Carnegie Contnb Embiaol , 14, No 69 111-138 

43 Wood Jones F and I Chuan, Wen 1934 Jour Anat , 68, 525-535 



THE SENSE ORG\NS 


506 

fold of the hyoid integument The progressive steps m this remodeling 
process are illustrated in Fig 481 A later restudy of the problem agrees 
in the mam with these interpretations, however, the tubercles, except i and 
6, are said to be erased early and so possess only a general topographical 
significance The latest contribution to this topic makes the entire 
auncle, except the tragus, of hyoid ongm “ 

Anomalies — Congenital deafness may be the result of imperfect ner\e connections, of 
faulty development of the auditory ossicles or membranous hbynntli, or of atresia of the 
external meatus Defective combination of the several primordial parts is responsible for 
variously malformed auncles (Pig 482 A) Petal types of auncle are occasionally seen m 
adults as the result of inhibited development, but are without further significance Alleged 
cases of inhented, pierced ear lobes are really clefts between the incompletely fused tragus 
and antitragus similar pits may occur between the other pnmordia, while the whole group 



Fro 482 — Anomalies of the human auncle A, Malfonned auncle B, Fistula aims probed to 
show its relations C Synotus, combined with microstomus and agnathus 

IS mcluded among the fistulu of the ear A complete fistula, connecting wnth the middle ear 
cavity, IS of the greatest ranty (B) The extremely rare condition of s)/:o(us shows the ears 
fused, or near the midventral line at the upper part of the neck (C) it is assoaated with 
agnathus (p i8i) and illustrates the primitive location of the ear pnmordia before being 
wedged apart by the growing mandible 
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dimons \\hich di\ ide the thin disc into an incrcasinglj large number of cells This 
sequence of mitoses compnses the process of cleavage, ivhilc the component cells 
are known as blastomercs (Fig 484) The result is n cellular disc, separated from 
the > oik beneath by a cleft-hke space (Fig 4^0) » whole makes an asj’mmetncal 
hollow sphere which is called a blastula 
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Fig 484 — Clea\ age of the pigeon s ovum, seen in surf ice Mcw (Pitten, after Blount) X4 
The order of appearance of cleavage furrows on the blasto<Jcnn ts indicated by Roman numerals 
A Second cleavage B, third cleavage C, fifth cicav age 



Fig 485 — Earlj bhstula stage m the pigeon (after Blount) A Bhstoderm m surface view 
B, in verticil section 


Yolk Ectoderm Blasloccele Arckenteron Entoderm 



Fig 486 — Entoderm formation in the pigeon shown b> a longitudinal section of the blastoderm 
(after Patterson) X 50 


Gastnilation and the Primitive Streak — Two different processes accomplish 
gastrulation in birds The first occurs when an under layer, the entoderm splits 
away from the blastodermic disc (Fig 486) In this condition the egg is laid, and 
without incubation there is no further development On the commencement of 
incubation, even though days of donnanc> have elapsed since laying, gastrulation 
continues into its second phas,e This consists in the movement of certain cells 
destined to become the mesoderm and notochord, out of the outer layer to a middle- 
la>er position (Fig 41) The residual outer layer, when these departures are 
completed, is ectoderm 
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germ la> crs, hose ongins hT\ c been thus bndflj outlined, all the tissues and organs 

de\elop 

Head Process and Head Fold — Embryos of about 19 hours’ incubation shou 
an axial strand of cells extending forward from the pnmiti\e knot (Fig 489 /I) 
This IS the so-called head process, it is also termed the notochordal plate because it 
becomes the cjlindncal notochord, destined to scr\c as the primitiic axis about 
which the embr>o differentiates The head process results from the turning under 
of cells, onginall> located in the outer la>cr which pass through the substance of 
the pnrnitu e knot and extend forward in the midline Their niox cnicnt constitutes 
a late phase of gastrulation A longitudinal section shows the relation of head 



Fig 489 —Chick, bhstoderm 'intl embrjo in surface \jcw yi Stapo of the head process (18 
hours) (X 16) B, Stage of the head fold (19 hours) X 15 


PrsniUne knot 
Neural plate I Pnmtlne pit Prtmilne streak 



Fig 490 — Midsagittal section of a chick embryo a( the stage of the head process and head 
fold (19 hours) X loo 


process to pnmitue knot (Fig 490), a transxerse section demonstrates it as a 
median, thicker mass continuous laterally with mesoderm which has grown into 
this region (Fig 491) Both sections illustrate the independence of the head 
process from the ectoderm abo\ e and the temporary fusion that it makes w ith the 
entoderm beneath 

After the head process has become prominent, a curved fold begins to show m 
a position still more cephalad (Fig 489 B) It is the head fold, which at first 
imoUes ectoderm and entoderm alone (Fig 490) The further dexelopment of 
this important structure will establish the gut internally and defimtelv delimit the 
upper bod> externally (Fig 492) 



Tlir STUDY or CHICK LMBRYOS 


Sio 


The crowding toward the midltnc ns the cells of the future chorda mesoderm 
flow and turn hciicnth, produces nn opaque band named the pnmilixe streak (Fig 
487 i 4 ) It IS first seen after 16 holns of incubation Directly following the earliest 
appearance of the streak a prumtiic grome courses lengthw 1st along its surface {B) 
In the future cephalic direction this gutter ends m the deeper ‘pwmtnc ptt At the 
extreme front end of the streak is a clubbed expansion, known as the prtvtiiue 
knot (of Hensen) 
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Fig 487 — Chick blastoderms in surface view at the stage of the pnmitne streak (16 hours) 
X 17 A Before the appearance of the pnmiti\c groosc B with a prominent groo\e 
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Fro 488 — Transverse sections of chick blastoderms at the stage of the pnmitne streak 
X 165 A, Through the earlj pnmitive streak B, C through the later primitive knot and 
groove 

Microscopic sections, cut across the primitive streak show it to be a thickening 
from which the mesoderm spreads laterad (Fig 488) The first mesodermal cells 
are sparse, migratory elements (A), but th^ soon aggregate into distinct plates 
(O extending both in a lateral and caudal direction Later the mesoderm inv ades 
the region ahead of the streak At the primitive knot all three germ layers fuse 
intimately (5), but in the caudal half of the streak the entoderm tends to be free 
fri The pnmitive groove is the mechamcal consequence of this rapid spread of 
mesoderm which produces a trough through cellular depletion From the three 
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Of the e-^tra-embrj onic tcmtorj (* c , the region of the blastoderm not destined 
to become a part of the embrjo proper), tbit nearest the embryo compnscs the 
clearer area fclluada More penpherad lies the area opaca, darker because of its 
adherence to the yolk beneath In a zone of the opaque area bordenng the area 
pellucida are mottled masses, the bhod islands, alrcadt obecned in >ounger 


Head 



Pig 493 — Chick bhstodenn 'ind embr>o nith fi'vc segments (34 hours) in dorsal Men X 14 

stages but no^ fussing into an incomplete network This mesh is best developed 
cdudallj , when complete it will compnsc a distinct subdivision of the area opaca 
to be called the area lascnlosa Mesoderm is still I icking in a clearer region in 
front of the head to it the quite unsuitable name of proamnion has been given 



494 Longitudinal section of a chick embryo with fi\e segments (after Patten) X 25 


At thi5 penod the head is growing rapidlj It rises above the blastoderm 
ana projects cephalad as a somewhat cylindrical part of the embryo which at its 
head f f' (P'g 493) In accomplishing this result the shallow 

th. appears to hate growm caudacl and to liate liberated 

ead hj undercutting (Fig 494) A more important factor, however, is a 
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Neural Groove and Mesodermal Segments — Even embryos of the pre\iou3 
stage exhibit a broad zone of thickening in the ectoderm o\erljing the head 
process This region constitutes the ncttral plate (Pig 491) In an embr>o of 21 
hours the plate begins to fold lengthwise to form a shallow, guttcr-hke trough, 
called the neural grooxc (Fig 492 A) Within the next hour or tuo this groove 
becomes flanked by elevated, marginal ndges, the neural folds (I ig 492 B), which 
later will unite progressively until the brain and spinal cord arc hid down as a 
continuous tube The notochord is now a dcnnitc rod, seen through the transparent 
ectoderm at the bottom of the neural groove 


Uiloderm Neural plate 









Mesoderm Notochordal plate Entoderm 

Fig 491 — Transverse section through the head process of a nineteen hour chick embryo X 165 
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Fig 492 — Chick embryos m dorsal view at the beginning of segmentation A Embryo with the 
first mtersomitic groove (21 hours) (X 25) B Embryo of three somites (23 hours) (X 16) 


The Wings of mesoderm which grew from the sides of the pnmitive streak, 
hav e continued to spread penpherad to the margin of the blastoderm but have 
not yet reached the region just in front of the head fold (Fig 492) Alongside the 
notochord the mesoderm is thick and in it are appeanng pairs of vertical clefts, 
these separate the mesoderm into successive masses (the first incomplete cramally) 
which will be seen better in older stages They are the somites or mesodermal 

segments 

(B) embryo of five segments (TWENTY-FOUR HOURS) 

In an embr>o one day old it is evident that an embryonic and an extra- 
embryonic region of the blastoderm are becoming more sharply defined (Fig 493) 


EMBRYO OF SEVEN SEGMENTS (TWENTY -FIVE HOURS) SIS 

Mesoderm and Coelom — The tissue of the middle germ laser assumes two 
ddlerent forms Throughout most of the head region it makes up a diffuse mesh- 
work of cells that fills in the spaces between the aanous epithelial laj'ers This 
tissue IS mesenchyme (Fig 506) In the caudal part of the head and in the remain- 
der of the body, the mesoderm at thid stage is organizing more definitely Nearest 
the midplane it is already dnided by transicrse furrows into seten block-like 
primiliie segments, four of which belong to the future head (Figs 495 and 497) 


AntenOT neuropere Fore hratn 



Caudad between the segments and the pnmiti\c streak there is the undifferen- 
tiated mesoderm of the segmental zone but new pairs of segments are de\ eloping 
progressuely m this region Litoral to each segment vs a plate of unsegmented 
mesoderm, termed the xntermediate cell muss it is also called the nephrolome because 
it will play an important r6Ie m the de\elopment of the excretory system (Fig 
497) The nephrotome plate serves as a bndge between the segments and the 
/a/cm/ i/ieiOfienu When first proliferated, the lateral mesoderm of 
each side was a solid plate (Fig 488) However m stages like the present embrjo 
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true forward ovcrgro't\th on the p'lrt of the hend itself Simultaneously i\ith the 
extension of the head, the cntodcrmTl component of the onginal head fold is 
elongated as an internal tubular pocket, this is the pnmitive Jore^gut Cranially 
it is a blind sac, caudally it opens out onto the yolk through an arched aperture 
which resembles a tunnel entrance and is termed the nitesliual portal In Fig 
493 the lateral limits of the darker fore-gut (labelled 'entoderm') and its relation 
to the arching intestinal portal arc shown plainly Figure 494 illustrates how the 
entoderm is reflected into the fore-gut at the level of the portal 

The neural grooie is both broad and deep (Fig 493) Midway along its extent 
the component neural folds ha\c approached and are ready to fuse Caudally the 
folds diverge and become increasingly indistinct 

The mesodermal segments arc clearly defined and block-likc Tlic notochord 
shows through the transparent ectoderm and the prumhie streak is shorter, both 
relatuely and actually Later, when the body form is further indicated by the 
formation of the tail fold, the primitive streak will disappear It is a notable fact 
that the head not only anses soonest but also retains its early advantage over 
lower levels of the body The progressive differentiation, leading to the estab- 
lishment of body form, advances m a caudal direction, it first reaches the end of 
the trunk at a considerabl> later penod than the stage under consideration 

(C) EMBRYO OF SEVEN SEGMENTS (TWENTY-FIVE HOURS) 

Although a total view of a chick cmbr>o at this stage much resembles the 
one last described it docs show certain distinct advances (Figs 495 and 496) 
Nevertheless, the dcscnptions that follow will apply in all essentials to embryos 
having betw een fiv e and ten pnmitiv c segments Among the changes encountered 
It IS noteworthy that the vascular area of the blastoderm is better organized than 
before and extends far cephalad In front of the head there is a light area, not 
yet invaded by mesoderm loiown by the poorly chosen name proammon The 
pnmUhe streak is still prominent caudally, but it now measures only about one- 
fourth the length of the embryo The notochord can be followed cephalad from 
the pnmitiv e knot until it is lost beneath the neural tube 

Neural Tube — The lips of the neural folds have met throughout the cranial 
two-thirds of the embryo but have not fused to anj extent The neural tube 
formed thus by the closing of ectodermal folds, is open at each end, the closure of 
Its cranial opening is charactensticallj delayed, and this leaves a temporary 
commumcation to the outside which has been designated the anterior neuropore 
In succeeding stages the more caudal regions of the present neural groov e wall be 
rolled progressiv ely together and added to the tube already completed At the 
head end the neural tube has begun to expand into the brain onlj fore-brain 
is at all prominent and from it the optic lestcles are bulging laterally 

Fore-Gut — Except for an mcrease in size, the fore-gut is little changed Near 
its blind end the floor of the gut is applied to the ectoderm of the under surface 
of the head the two compnse the temporary pharyngeal membrane (cf Fig 510) 
which later ruptures to make the permanent opening into the mouth The fore gut 
will ultimately specialize into the several divisions of the alimentary canal that 
extend as far as the middle of the small intestme The way in which the entoderm 
IS folded up from the blastoderm and earned forward into the head is shown well 
in Figs 494 and 510 The fore-gut opens caudally through the arched anterior 
intestinal portal 
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Mesoderm and Ccelom — The tissue of the middle germ liver assumes two 
different forms Throughout most of the head region it makes up a diffuse mesh- 
work of cells that fills in the spaces between the vanous epithelial lajcrs This 
tissue IS meseuchpnc (Fig 506) In the caudal part of the head and in the remain- 
der of the bodj , the mesoderm at thi^ stage is organizing more definitel> Nearest 
the midplane it is already divided bj transverse furrows into seven block-likc 
prtmiU.c segmeuts, four of which belong to the future head (Figs 495 and 497) 


Anierior nturoport Fore 6 fatn 



t segments and the pnmitue streak, there is the undifferen- 

mesoderm of the segmental zone, but new pairs of segments are developing 
in this region Lateral to each segment is a plate of unsegmented 
it^w 11^^’ the intermediate cell mass, it is also called the nephrotome because 

. ^ important role m the development of the excretory s>stem (Fig 

unseimi nephrotome plate scincs as a bndge between the segments and the 
each c mesoderm When first proliferated, the lateral mesoderm of 

^ e was a 'oUd plate (Fig 488) However m stages hke the present embr>o 
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the'^c have split sccondanly into tno limcll'c, separated by a space (Figs 497 
and 500) The dorsal layer compnscs the sotmlic mesoderm, the ventral la>cr the 
splanchnc mesoderm It is m the splanchnic layer that the blood vessels are 
forming The somatic mesoderm and the ectoderm arc closely associated in 
development, and together are designated the somalopleure, it makes up the 
bod> wall Similarly, the splanchnic mesoderm and entoderm are jointly termed 
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Tig 496— Head of a duck embrjo with seven scRmcnts (25 hours) m ventral view X 43 
The numbered lines mdieite the levcisof thesections Ties 502-507 
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Fio 497 Diagrammatic transverse section of an earl> vertebrate embr>o (Prentiss after Mmot) 


the splanchnopleure , it is primanly <xmcemed with the development of the gut 
and its derivatives Both the mesodertnal segments and the unsegmented meso- 
dermal layers contnbute to the loose mesenchymal cells which play such an 

ffliportant part m development , ,, „ , 

The space between the two mesodermal layers first occurs in the lorm 01 
isolated clefts, but these soon unite on each side into a continuous body cavity, 
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or cceIoik The ongimlly bihtcnl coclomic chambers uill later become conflucnl 
beneath the gut thus forming a common caMt3 (fig 497) In the region of the 
heart the ccclom atreadj enlarged locallj, anticipating its dcstint as the pen- 
cardial cantj Other, more caudal portions uiU become the pleural ca\itics of 
the thorax and the pentoncal cat lU of the abdomen 

Heart and Blood Vessels —The heart is a simple straight tube, Iving in the 
midplane and tentral to the gut (Fig 496) Traced caudad it is continuous uith 
the contergmg iftclUuc teius, which enter the bod> from the area \asculosa by 
followang along the margins of the intestinal portal, the two \eins unite as thet 
join the heart From the cephalic end of the heart is given ofT the central aorta 
Dorsal to the gut course paired dorsal aortcc 


Transverse Sections 

The first embrjo to be studied in sena! section is most casiU understood if 
the student begins at the caudal end where differentiation has entered least and 



Fig 498 — TransNCTse sections thronsh Vhc area >3SCu!osa of a sesen segment chick embryo 
X 2Z5 


works toward the head Important facts pertaining to the germ lasers, as well 
as the pnnaples underljing the development of the neural tube, gut, heart and 
head are then made simple The following illustrations and descriptions can be 
used to interpret sections of chick embr>os between the stages of five and ten 
somites The le\el of each section can be determined b> appl>ing a straight edge 
across the correspondingly numbered lines on Figs 495 and 496 

Sections through the Area Vasculosa (Fig 498) — ^The illustritions show , at medium magoifi 
cation a sample of the e-%tra embr\onic temtor> {area opaca) penpheral to the area pellucida 
In this lefion the entoderm is associated intimateb with the coarseU granular •^olk The 
splanchmc mesoderm contains aggregations of cells known as blood islands man\ of which are 
fusong into the network characteristic of the area xasculosa (Figs 495 and 498 A) The cellular 
thickenings of the blood islands undergo differentiation into two distinct cell t>pes Fluid 
filled \acuoles first appear within the islands and then expand so as to set free the innermost cells 
T^ese cells soon separate and float about as pitmitue blood corpuscles while the general process 

of \ acuohzation flattens the peripheral cells into an enrfo/ftehum (Fig 498 B C) The endothelial 

spa^ both coalesce and bud out new xascular sprouts and in this wa> the s>stem of extra- 
einbr>onic \e:,sels is extended All blood vessels at first consist of an endothelial lajer only 
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these have split sccondanly into two lamcllai, separated by a space (Figs 497 
and 500) The dorsal layer comprises the sotnahe mesoderm, the ventral layer the 
splanchnic mesoderm It is in the splanchnic layer that the blood \cssels are 
forming The somatic mesoderm and the ectoderm arc closely associated in 
development, and together are designated the somalopleure, it makes up the 
body wall Similarly, the splanchnic mesoderm and entoderm arc jointly termed 
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Fig 496 — Head of a chick embryo with 8c\cn segments (25 hours) in ventral view X 43 
The numbered lines indicate the JcvcK of the sections Figs 502-507 



Fig 497 Diagrammatic transverse section of an early vertebrate embryo (Prentiss after Mmot) 


the splanchnopleure, it is pnmanly concerned with the development of the gut 
and its derivatives Both the mesodermal segments and the unsegmented meso- 
dermal layers contribute to the loose mesenchymal cells, which play such an 
important part in development , , ^ ^ ^ 

The space between the two mesodermal layers first occurs in the lorm ot 
isolated clefts, but these soon unite on each side into a continuous body cavity 
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the splanchnic layer When the spaces umte to form n definite ccelom or pnmiti\ e bod\ ca\nt> , 
the mciodennal lininR of the c i\ it) spectilizes mto a flit epithelium called tnesolhehum 

In the higher segments of the senes the differcntiition of mesoderm md ccelom is more 
advanced {c/ Fig 519) Ciudnl to the seventh segment, in the region of the segmental zone, 
the mesoderm still forms solid plates (c/ Fig 520) 

Section Caudal to the Intestinal Portal iFig ^2) —The section is chanctcnied (i) bv 
the meeting of the neural folds preparatory to closing the neural lube (2) bj the arching of the 
entoderm which a few sections nearer the head end folds forward into the /ore gut (3) b> the 
presence of n/e//iHetnHS between the entoderm and folds of the splanchnic mesoderm. (4) b\ the 



Fig 503 —Transverse section caudal to the intestinal portal of i seven segment chick embryo 
X 90 

wide separation of the somatic and splanchnic mesoderm ami the consequent increase in the 
size of the coelom In this location the ccclom later surround* the licart and 1* converted mto 
the pericardial cavit) The neural tube at this level is transforming into the third brain vesicle 



Fig 503 — Transverse section through the intestinal portal of a seven segment chick embrjo 
X 90 


or htnd hratn The neural folds have not yet fused and at their dorsal angles are located the 
neural crests the forerunners of the spinal ganglia Mesodermal segments ne\er develop as 
far cephalad as this region instead diffuse masses of mesench) me occup) comparable positions 
adjacent to the neural tube On the left of the section an astensk marks the point of junction 
between somatic and splanchnic mesoderm 


Section through the Intestinal Portal (Pig 503) —This section passes through a \ ertical fold c 
entodem at the exact point where the latter js reflected mto the head as the fore gut (cf Fips 
f entoderm is here cot on the flat it appears as a contmoous sheet of tissue 
located betn cen the vitelline t eins and closes the fore gut , entrallj On each side lateral to 
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Sectioa through the Primitive Streak (Tig 499) —The prtmUtte streak is a mesial thick 
enmg of the blastoderm in which the hyers of ectoderm mesoderm and entoderm all merge A 
prominent prtmtltie grooie indents the streak m its midplanc, and this groove is bounded on each 
side by a prtiiniiie fold 



Prmtlne streak Mesoderm 


Fig 499 — Transverse section through the pnmilne strcik of a seven segment chick embryo 
X 90 

Section through the Primitive Knot (Fig 500) — The enlarged cephalic end of the pnmitive 
streak is the prtnntiie hwl Its common cellular mass separates at higher levels into the three 
typical germ lajers especially notable is the direct continutt> into the notochord The thick 
ened and grooved neural plate of higher levels also extends downward to the region of the knot 



Fig 500 — Transverse section through the primitive knot of a seven segment chick embryo 

X 90 


and even overlies it This neural groove should not be confused With the smaller and funda 
mentally different primitive groove of lower levels 

Section through the Fifth Primitive Segment (Fig 501) — The general level of the somitds 
is characterized by the greater specialization of the mesoderm the elevation of high neural folds, 
and the presence of a dorsal aorta on each side between the mesodermal segments and the en 
toderni The neural folds are thick as is the adjoining ectoderm to a less degree The notochord 
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Pjq ^01 — Transverse section through the fifth pair of somites of a seven segment chick embryo 

X 90 


IS a sharply defined ova! mass of cells which will be observed just below the neural groove it ap- 
pears in all sections of the senes except those throi^h the tip of the head and the pnmitive streak 
The mesodermal segments are somewhat tnangular in outhne each is connected with the lateral 
mesoderm by the intermediate cell mass or nepkrolome The lateral mesoderm is partiallj divided 
by irregular flattened spaces into two sheets the dorsal of these is the somatic layer, the ventral 
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located just cephahd of the heart at a Ie\el mto which the central portion of the head fold has 
not % et CTtendcd The inspection ot a few sections both in front of and behind this critic il rejpon 
will demonstrate how the embiwonic and extri embrvonic temtones arc rclatctl and how the> 
become separate The calom does not extend into the head Midwav of the blastoderm is a 



Fig 505 — TransNcrsc section through the head fold of a se\cn segment chick cnibr\o X 90 

region that lacks mesoderm it n. the so called ;>f<Mmniow \ cntral to the ph tr\nx occurs tin. 
lentral aorta here trmsitional between i single \csscl which is continuous with tlit heart m one 
direction and the seinratc %csscls which passccphal id in the other direction Above the plnianx 
IS the dilated middle brain vesicle or tntd brain 

Section through the Pharyngeal Membrane (Fig 50O) — This section shows the head free 
from the undtrU mg blastoderm (<•/ Fig 510) Ectoderm surrounds, the head completclj Neir 
the midventrv! line it is bent dorsad thickened somewhat and comes 111 contact with the thick 
entoderm of the phai^nx The area of contact between ectoderm and phirvngcal entoderm 



Fig 506 — Transverse section through the phiryaigcal membrane of a seven segment chicle 
embrv o X 90 

constitutes the phar^?jgeal me?nbrane Later this plate breaks through and establishes the oral 
opening As m the prev lous section the neural tube is closed and cntirclj separate from the 
superficial ectoderm In this region it forms the caudal slender portion of the /orr 6raiH The 
dorjol aorta: are represented b> small aessels just above the lateral wings of the pharjnx The 
blastoderm directly beneath the head is the broad proammon Far Hterad may be seen the 
lajers of the mesoderm as well 

Section through the Fore bram and Optic Vesicle (Fig 507) —The neural tube is open here 
and the section is chieflj made up of a contmuous double la>er of ectoderm infolded gastrula 
fashion The opening from the first bram vesicle or fore brain to the outside is the temporarv 
anterior neuropore The ectoderm on the surface of the head is continuous at the neuropore w ith 
the much thicker wall of the fore brain These tw-o ectodermal la>ers are m tontact with each 
2J 
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the endothelnl layer of the veins, the splanchnic mesoderm is thrown into a thick walled bul},ing 
fold 

A few sections cephalad the reflection of the entodcnml lijer no longer shows, and the gut 
IS quite separate from the general entoderm this separation allows first the endothelial heart 
tubes to meet, and then the flanking folds of splanchnic mesoderm 

Section through the Heart (Fig 504) — I^ssmt. cephalad m the senes to a level just above 
the intestinal portal, one finds that the vitelline areins converge and open into the heart The 
entoderm of the original head fold can now be identified as the crescentic pharynx of the fore gut 
it IS separated by the heart, coelom and sptanchmc mesoderm from the entoderm of the general 
blastoderm The dorsal aorta arc larger making conspicuous spaces between the neural tube 
{hind brain) and the pharynx The heart has resulted from the union of two endothelial tubes 


Ectoderm Htnd brain 



Fro 504 — Tranverse section through the heart of a seven segment chick embryo X 90 


continuous with those constituting the vitelline veins m sections already studied The median 
walls of these tubes fuse and disappear at a slightly older stage this union estabhshes a single 
tube endocardium Thickened layers of splanchnic mesoderm which in the preceding section 
invested the vitelline veins laterally now form the mesothehal wall of the heart such tissue will 
give rise to both the myocardium and the epicardium In the midventral plane the layers of 
cardiac mesoderm of each side have fused and separated from the splanchnic mesoderm of the 
germinal disc in such a fashion are the two halves of the future pericardial cavity put in com 
munication Dorsal to the heart the paired layers of splanchnic mesoderm approach slightly 
this presages the dorsal mesocarditim or mesentery of the heart, which will be seen more char 
actenstically in older embryos Continuing still more dorsad the splanchnic mesoderm extends 
to a point where the onginal ccelomic split separated it from the somatic layer, this junction is 
labeled on the nght side of Fig 504 

Origin of the Heart and Embryonic Vessels — From the two sections last described it is seen 
that the heart arises as a pair of endothelial tubes which he in folds of the splanchnic mesoderm 
These tubes are continuous with paired veins entermg from lower levels and paired arteries leaving 
for higher ones hence the vascular system is pnmitivrely a paired system throughout Later 
the endothelial heart tubes fuse and the mesodermal folds are also brought together The heart 
then consists of a single endothelial tube withm a thick walled investment of mesoderm The 
endothelial cells of the heart often appear to be splitting off from the entoderm (Fig 503) but 
this is perhaps a deception for elsewhere endothelium is mesodermal in origin Primarily the 
blood vessels of the body are delicate endothelial diannels which onginate as clefts in the mesen 
chyme Coalescence and budding produce a amtinuous plexus from which defimte vessels are 
then selected (Fig 282) 

Section through the Head Fold (Fig 505) — -It will be remembered that an ectodermal head 
j, undercuts the head both from m front and at the sides (Pigs 494 and 49s) The portion of 
h bod cepbalad of this fold is necessarily free fnnn the blastoderm The present section is 



EMBR-iO OF SEVENTEEN SEGMENTS (tHIRTV -EIGHT IIOURS) 


523 


indented as the audiiory pits (Fig 509) Each pit wiW become an otocjst, or otic 
\esic!e from ^hich difTcrcntiates the sensory epithelium of the internal ear 
(membranous libjnnth) 

Fore-gut — Caudal to the intestinal portal the entoderm is still flattened o\er 
the surface of the >olk In Fig 509 the greater part of the entoderm is cut ai\a} 
The broad fore-gut folded inward at the portal, shows indications of three lateral 



A 



C 



Fig 50S — Chick embryos of 30 to 38 hours in dorsal \iei\ 
hours) (X 13) B At seienteen segments (38 hours) (X 20) C 
head slightly rotated and bent (38 hours) (X 25) 


A At eleien segments (30 
At se\ enteen segments mth 


dnerticula the pharyngeal pouches which will be much plainer m the next embrv 
studied At its cephalic end the phar> nx is closed % entrall> b> the double-lav ere 
pharyngeal membrane the ectodermal depression external to it is the stomodcin 
(Fig 510) 

Heart and Blood Vessels — The heart tube is flexed yet does not vnrv n 
structure throughout its length Neverthele^ certain regies can be idenSle! 
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other, except in the rnidventnl region where the mesenchyme is beginning to penetrate and 
separate them The lateral expansions of the fore brain arc the optic ustclei, which eventually 
give nse to the retina of the eye 



Fig 507 — Transverse section through the fore brain tnd optic vesicles of a seven segment 
chick embryo X 90 

(D) EMBRYO OF SEVENTEEN SEGMENTS (THmTY.nGHT HOURS) 

The stage 'selected as a type for illustrating the significant ad\ ances since the 
seven-segment embryo is a chick of about 38 hours' incubation which possesses 17 
primitive segments (Fig 508 B, C) Since at this time the somites are developing 
rapidly, the descnptions that follow will apply satisfactonly to embryos between 
33 hours (12 segments) and 40 hours (i8 segments) Intermediate conditions 
betw'een seven and 17 somites are illustrated by the embryo shown in Fig 508 A 
The long axis of the embryo is still nearly straight but specimens of full 17 
segments should show a flexing of the head ventrad (Fig 511) and a slight turning 
of the tip of the head on its left side (Fig 508 C) In these respects the embryo 
m Fig 508 B IS slightly backward The area pcllucida is dumb-bell shaped and 
!<■ developing a vascular network The extra-embryonic vessels of the area opaca 
are well differentiated and the vascuhr area ends in a bordenng terminal 
Adjacent to the caudal end of the heart the vascular networks of the blastoderm 
converge and become continuous with the stems of the vitelline veins Ojnnec- 
tions have been established also between the dorsal lortte and the vascular area 
at the lev el of the lowest segments, but as yet these have not organized as distinct 
vitelline arteries (Fig 509) The tubular heart is enlarged and bent to the em- 
bryo s right the head is more prominent than formerly and the three pnmary 
vesicles of the brain are easily distinguishable seen through the brain walls is the 
notochord which extends in the midplane as far cephalad as the fore-brain the 
proamniotic area is reduced to a small region in front of the head, the primitive 
streak is short and relatively inconspicuous 

Central Nervous System and Sense Organs — The tardy sealing of the an- 
terior ncuropore has occurred and the neural tube is closed, save at its caudal 
end where the divergent neural folds bound the so-called rhomboidal stnns (Fig 
508 B) In the head the neural tube has differentiated into three brain vesicles, 
set off from one another by constrictions The fore-brain (prosencephalon) is 
charactenzed by the outgrowing optic vestcUs The mid-bram (mesencephalon) is 
a simple dilatation The elongate htnd-brcan (rhombencephalon) gradually passes 
into the spinal cord, it shows a number of secondary dilatations the neuromeres 
The ectoderm is thickened into a lens placode where it overlies the lateral 
wall of each optic lestcle (Fig 513) The optic vesicle flattens at this point and 
xvill soon invaginate to produce the optic cup Dorsolaterally, in the hind-bram 
region the ectoderm is also thickened into auditory placodes which are already 
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portal thej not onh he close together but also hue fused for a short distance to 
form a single vessel, the descending aorta Below this level the} separate again, 
and opposite the lowest somites connect bj numerous capillancs witli the general 
\ascular network It is m this connecting region that paired tUcUine arteries 
presentlv wall be difTcrentiatcd The heart alrcadj beats spasmodicalU at this 
stage Blcod drains from the vascular area b> wav of the atclhnc ^cins to the 
heart, here it is pumped around the aorta; and flows through the organizing vitelline 
artenes back again to the area vasculosa This circuit constitutes the vitelline 
circulation, through it the embrjo receives nutriment from the >olk for its con- 
tinued development 



Fig 510 — Midsagittnl section of the hc.id end of a se\ cntccn icj,nicnt cliiciv cmhrv 0 X about 50 



Heretofore the bod> of the embr>o has been without definite veins, but 
now two pairs of vessels arc developing for the purpose of returning blood to the 
heart (Fig 51 1) The anterior cardinal tcins collect blood from the head region 
the posterior cardinals just appearing at thit> stige will perform a Similar function 
for the lower bod> The two vessels on each side unite into a common cardinal 
Tetn (duct of Cmier) which enters the sinus venosus 

Diflferentiation of Mesoderm and Coelom — The production of early meso- 
dermal segments and the addition of new- ones bj a progressive furrowing of the 
segmental zone have been observed in previous stages The somites, thus, formed 
are block-like with rounded comers when vaewed dorsallj , m transverse sections 
thej appear tnangular (Fig 512) In higher vertebrates the primitive segments 
contain indications of a space that represents a cavity continuous in loner ver- 
tebrates nith the general coelom In the chick this rudiment is a minute, central 
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With the later subdivisions (rjfj 509) The caudal end of the tube where the vjtel- 
Ime and cirdmal vein-; open, is the Stmts lewsus This dihtcs into the atnum 
which bends ventrad an<l to the embryo's nght The tube then bends dorsad 
and to the midphne as the veitlrtcle, thettby completing a U shaped bend Con- 
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Fjc 509 — Ventral reconstruction ol a seventeen segment chick embryo X 38 The 
ectoderm of the ventral surface of the head the raesoderm of the head and heart regions and 
the entoderm ejccept -ibout the intestinal portal have been removed Numbered lines indicate 
the levels of Figs 5*3-520 


Unumg ccphalad the \cntncle narrows into the fruftwr which in turn passes o\er 
into the levtrol aorta The latter vessel It« beneath the pharynx and divides into 
trunks Near the tip of the pharynx these paired \entral aortai bend dorsad 
around the sides of the pharynx as the first pair of aorftc arches The arches then 
turn sharply ctudad as the paired dorsal aarite In the region of the intestinal 
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The ccelom has not progressed much be>ond its condition m the previous 
stage (Fig 511). although a beginning has been made toward the isolation of a 
portion of it within the body of the embryo (Fig 517) 

Transverse Sechons 

In studying serial sections of an embryo it is not sufficient merely to idcntif> 
the structures seen The student should determine also the exact lev cl of each 
significant section with respect to drawings or models of the total embryo, this 
has been done along the margins of Fig 509 for the particular senes that follows 
It IS also important to trace the several organs and parts faithfully from section 
to section m a scncb The nov ice is then ready to reconstruct mentally the com- 
plete picture of a part and to interpret its origin and relations 



Fig 513 —Transierse section through the fore brain and optic \esiclcs of a sevtnteen segment 
chicjt embryo X 75 

The following sections are drawn as if \iewed from the cephalic surface, 
hence, the nght side of the embryo is at the reader’s left These illustrations and 
descnptions may be used for guidance m the study of chick embryos between 33 
hours (12 segments) and 40 hours (18 segments) 


SecUon through the Fore-brain and Optic Vesicles (Fig 513) — The first sections encoun 
tered m the senes arc shaMngs through the tip of the free head The brnm ca\tt> straightway 
enlarges and about midway along the fore brain the present level is reached Here the optic 
slaiks connect the optic tesicles laterally with the lateral portion of the fore brain Dorsally 
the section passes through the mtd bram due to the somewhat ventral flexion of the head (cf 
5*0) The lens placodes are thickenings of the surface ectoderm over the optic vesicles Note 
thdt there is now a considerable amount of mesenchyme filling m between the ectoderm and 
the neural tube the small spaces seen are terminal branches of the anterior cardinal tetns Lav ers 
of mesoderm extend to the midplane in the underlying blastoderm 

Section tfuough the Mid-bram and Pharyngeal Membrane (Fig 514) —At this level the 
fore brain has been passed and the mtd brain alone is included In the midventral line the thick 
^ed ectoderm bends up into contact with the entoderm of the tubular pharynx of the fore gut 
The resulting plate is the pharyngeal membrane md the ectodermal pit leading to it is the s>omo- 
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cleft which IS mostly filled with n cellular core, the other cells of the somite form 
a thick, radially-arranged shell about it (Fig 519) The ventral wall and a portion 
of the medial wall of each somite break doivn into a mass of mesenchyme termed 
the sclerotome, these later surround the notochord and neural tube where they 
transform into the aKial skeleton The remaining portions of the somite constitute 
the dmno-tnyotmne (Fig 516) The cells of the dorsomcsial wall of this plate, 
the myotome eventually gt\c rise to the skeletal muscuhtiirc of the body The 
lateral plate js the dermatome which contnbutC'> to the connective tissue of the 
integument 

The cellular plate connecting a pnmitnc segment with the lateral meso- 
dermal layers is the uiUrmediate cell mass, or nephrotome (Pig 512) In the chick 
the nephrotomes of the fifth to sixteenth segments give nsc to segmental pairs 
of bud-hke sprouts which extend dorrad (Fig 519) These are the prouephric 
tubules of a rudimcntarj type of kidney Although functionitss as cxcrctorj 



Fig 512 — Reconstruction through the lower mesodermal segments of a two-day chick embryo 
The ectoderm is removed from the dorsal surface 

tubufes their ends turn caudad and lupk into a tube, known as the pronephrtc duct 
which grows to the cloaca (Fig 512/ More caudal nephrotomes will soon dif- 
ferentiate a temporarj functional kidney the mesonephros, its tubules open into 
the pronephne duct which thereafter is called the mesonephric dnei Later still 
the permanent kidney develops partly from the pronephne duct and partlj from 
nephrotome tissue of a lower level Accordingly, the intermediate cell masses may 
be regarded as the source of the urogeratal glands and ducts — all mesodermal 
in ongm 

In the previous embryo of seven somites the lateral mesoderm was observed 
to split into two lajers, the dorsal somatic and the ventral splanchnic mesoderm 
These layers persist as components of the somatopleure and splancknoplture , the 
somatic mesoderm will give nse to the panetal walls of the pencardial, pleural 
and pentoneal cavities, while the splanchnic layer forms the epi-myocardium the 
visceral pleura and the mesenteries and mesodermal lay ers of the gut 
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The section selected is chmctenied b> (l) the auditory placodes alreadj deepening into 
p\t5 ^hich represent the beginnings of the mtcm-il ears (2) the hrge hind hratn, somenhit thin 
and flittcned dorsall) , (3) the broid pharynx cut through its second piir of phiringeal pouches 
above which on each nde he the dorsaf aorta < 4 ) definite anterior cardinal letns, ventrolateral to 
the brain which return blood from the head region fs) the presence of two portions of the heart 
Cut near its cephalic end Due to its sinuous shape, the heirt is sectioned twice The smaller 
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Fig 517 — ^Transverse section through the intestinal portal and venous stems of a seventeen- 
segment chick embr>o X 90 

part IS the single bulbils which now replaces the paired v entral aort® of higher lev eh The large 
lentncle lies on the nght side of the cmbiyo a few sections caud id in the senes it is continuous 

With the bulbus (c/ Fig 509) Between the somatic and splanchnic mesoderm is the large potential 

pericardial catity surrounding the heart 

Section through the Atrial End of the Heart (Fig 5*6) —The section is toward the caudal 
end of the pharynx but the lower end of the ktndbrasn is still included The dorsal aorta are 
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temipted on each side the portions Ijinj* within the embnos bod> nre the bcpinnings of an 
emiryontc catoni The common cardinal tetns are cut near the level where thej join the sinus 
venosus 

Section through the Open Gut (Fig 518) — In gcncril this section resembles the preceding 
save that the gut is clearlj open and without n ventral wall Its lining is dircctlv continuous 
with the splanchnopleure and m this region one speaks* of the mid gut The ttlelltne letns are 
still large and maj be traced latcrad into the vascular plexus of the blastoderm Lateral to the 
enclosed ccclom on each side arc rounded spaces which represent the posterior cardinal letns, 
just dilTerentnting The dorsal aortcc are about to become sejiaratc once more 

Section through the Fourteenth Pair of Primitive Segments (Fig ^19) — The bod> of the 
embrjo is now flattened on the surface of the jolk and the section is clnractenzed b> its relativ e 
simphatv Here the dorsal aorta arc again scparitc Other prominent features are the spinal 
cord, rotochord, somites nephrotomes an«l livers of somatic and splanchnic mesoderm These 


Neural groo e (Rhomboidal stnus'i 
ectoderm I , A rural crest 



Splanchnic mesoderm C«r/o»i P»otochord Lntoderm Blood tessel 

Fic 520 — Transv ersc section through the rhomboidal sinus and segmental zone of a seventeen 
segment chick embrvo X 90 


Somatic mesoderm Ectoderm Primitive knot 



Fig 521 Transverse section through the pnmitivc knot of a seventeen segment chick embryo 
X 90 

somites are much less specialized than the older ones at higher levels Ansing from the neph 
rotomes are sprout like pronephne tubules The tips of these hollow out and unite to produce 
e pronephne duct, which is the pnmar> excretory duct of the embrj o 
Section through the Rhomboidal Smus and Segmental Zone (Fig 520) — The section passes 
oug the segmental zone, which is a region of unsegmented mesoderm destined to be cut up 
^ o additional somites Large blood vessels (of the area vasculosa) occur in the splanchnic 
entoderm The dorsal aort*E of higher levels lose their identity m this plexus 
'c precedes the appearance of a definite vtieUtne artery The lateral mesoderm is separated 
IS ^®^Gniic clefts The open neural groove is called the rhomboidal sinus The ectoderm 

sid"° a le for the columnar form of its cells At the point where the general ectoderm of each 
neural fold a cellular ndge projects ventrally This tissue constitutes the neural 
r and from them the spinal ganglia will differentiate 
at th ‘trough the Primitive Knot (of Hensen) (Fig 521) —The three germ layers merge 
e primitiie knot into a common mass of unspccialized tissue This knob of formative tissue 




530 


THE STUDY or CHICIw FMDRYOS 


scpintcd merely by i thin septum Tvhich bis ruptured it this level The anterior cardinal veins 
are cut where they bend \entnd to connect with the common cardinal veins Tlie mesodermal 
wall of the atriuni continues dorsad into two liters thit then fold lafcrad, npht and left, and 
30m the Bcncnl sphnehme mesoderm of the embrso Bcneith the pharjnx these appronmated 
folds constitute the dorsal inesocardtum, which server as 1 transient mesentery to the heart On 
the nght side of the section there ts fusion between the ept niyoeordtum of the heart and the 
somatic mesoderm, this is sepintirg oft an embry omc portion of the ccchm Mesodermal segments 


Sptnal cord Central canal 



Fio 5^8 — 'Transverse section through theopen gut of a seventeen segment chick embrjo X90 

were not observed at higher leiels but now they appear alongside the hind brain The\entro 
mesiil part of the segment ts breaking down xntothe sclerotome, the dorsomesial wall represents 
the myotome while the lateni plate is ihedermahme 


Sptnal cord 
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FiC 519 — Transverse section through the fourteenth pair of somites of a seventeen segment 
chick emEnyo X 90 

Section through the Intestinal Portal and Venous Stems (Fig 517) — Both heart and brain 
have been passed but the sptnal cord now becomes a prominent feature The dorsal aorta? lose 
their separating median septum and combine into a single vessel henceforth to be known as the 
descending aorta The section cuts through the entoderm at the point where it is folded dorsad 
and cephalad into the head as the fore gut Fig 510) Two sections caudad is found the opening 
{tniesltnal portal) where the fore-gut comoiunuates with the progressively flattened open gut 
spreading out between the entoderm and the yolk On each side of the fore gut is a large ctlelltne 
tetrt sectioned obliquely as it diverges from the heart The splanchnic mesoderm overlying these 
vans IS pressed by them against the somatic mesoderm and the cavity of the coslom is thus in 



EMBB\0 OF srVENTHFN SOMITES (tIIIRTY-LIGHT HOURs) 53 1 


terrupted on fcich side the portions Ijinj: withm the cmbrjo s bod> ire the bcRinninRS of m 
embr^ontc calom The common cardinal inns ire cut neif the le\el ^vhcre the} jom the sinus 
veno^us 

Section through the Open Gut (Fir 518) —In Rencril this section resembles the preceding 
save that the gut is clearl} open md without a \t.ntnl will Its lining is dircctlv continuous 
with the splanchnopleure, and in this region one spends of the mid ^ul The tetnj are 

still large and mi} be triced litcrid into the i isculir plexus of the blistodcrm Latcril to the 
enclosed coslom on each side ire rounded spices nhicli represent the posterior cardinal tetns, 
just differentiating The dorsal aorta are about to become scpirite once more 

Section through the Fourteenth Pair of Primitive Segments (Fig ^>9) — The bod} of the 
embn 0 li now flittened on the surf ice of the jotk ind the section is clnnctcnzed b} its rclativ e 
simplicitv Here the dorsal aorta ire igim scpinte Other prominent features irc the spinal 
cord, notochord, nephrolomes ind liters of somaUc ind splanchnic mesoderm These 

Neural groote (Rhombosdal sinus) 



Splanchnic mesoderm Calom Notochord Lntoderm hlood tessel 

Fig 520 — Tnns\ erse section through the rhomboidal sinus ind sc^mcntil zone of a scienteen* 
segment cluck embno X 90 
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Fig 521 — Trinsverse section through the primitive knot of a seventeen segment chick embryo 
X 90 


somites are much less specialized than the older ones at higher levels Ansing from the neph 
rotomes are sprout like pronephric tubules The tips of these hollow out ind unite to produce 
the pronephric duct which is the pnraaf} cicretor} duct of the embr}o 

Section through the Rhomboidal Smus and Segmental Zone (Fig 520) —The section passes 
through the segmental zone which is a region of unsegmented mesoderm destined to be cut up 
into additional somites Large blood ^e^sds (<rf the area vasculosa) occur m the splmchmc 
mesoderm next the entoderm The dorsal lortae of higher levels lose their identitj m this plexus, 
which precedes the appearance of a definite vttelltne artery The lateral mesoderm is separated 

by narrow ccclomic clefts The open neural groove is called the rAamto, da/ 5inaj The ectoderm 

.s notabla for the of .ts cells At the point tthere the general ectoderm of each 

s,de ,oms the neural Md a cel alar ndge pmjects centmllj Th.s t.ssue consl.tutes the „eural 
crests and from them the spinal ganglia will differentiate 

Sechon through the Prnn.ttve Knot (of Hensen) (F.g -The three germ layers merge 
at the fr.o„l.., iaot mto a common mass of anspeeuthzed t.ssue Th.s knob oTformat.v e teue 
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separxted merely by a thin septum lahtoh has niptured at this level The anterior cardinal kibj 
arc cut where they bend ventnd to connect with the common cardinal \ eins The meso<lernul 
wall of the alrtuiu continues dorsad into two layers that then fold laterad right and left, and 
join the general splanchnic mesoderm of the embryo Beneath the pharynx these approximated 
folds constitute the dorsal wi«oear<iiH»», which serves as n transient mesentery to the heart On 
the right side of the section there is fusion between the ept myocardium of the heart and the 
somatic mesoderm, this is separating off an embryonic fiortion of the axiom Alesodermal sezments 


Spinal cord Central canal 



Fig 518 —Transverse section through the open gut of a seventeen segment chick embryo X 90 


were not observed at higher levels but now they appear alongside the hind brain The ventro 
mesual part of the segment is breaking down into the sclerotome, the dorsomesial wall represents 
the ntiolome while the lateral plate is the dermatome 
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Dorsal aorta Notochord Entoderm 
Fig 519 — Transverse section through the fourteenth pair of somites of a seventeen segment 
chick embryo X 90 


Section through the Intestinal Portal and Venous Steins (Fig 517) — Both heart and brain 
have been passed but the spinal cord now becomes a prominent feature The dorsal aorte lose 
their separating median septum and combine into a single ves-e! henceforth to be known as the 
descending aorta The section cuts through the entoderm at the point where it is folded dorsad 
and cephalad into the head as the /ore gut {cf Pig 510) Two sections caudad is found the opening 
(ifitestinfli portal) where the fore gut conunumcates with the progressively flattened open gut 
spreading out between the entoderm and the yolk On each side of the fore gut is a large ttlelCine 
vein sectioned obliquely as it diverges from the heart The splanchnic mesoderm overlying these 
veins IS pressed by them against the somatic mesodertn and the cavity of the ccelom is thus in 
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With a profuse plexus of extra'cmbrjomc \essel3 Three ectodermal furrous form 
branchial grocres on the stdes of the neck Eye and car arc prominent Additional 
somites, produced from the former segmental rone extend far down the embrjo 
Cental Nervous System and Sense Organs — The bnin region of the neural 
tube IS separated b\ constrictions into fixe \csicles but these subdiMsions are 
not bO distinct as tht\ will be somewhat later (Fig 533 B) The first subdivision 
of the pnmitix c forc-brain is the telencephalon, the rest constitutes the dtcnccphalou 
The mesencephalon remains undivided, but is bent at its middle b> the cephalic 
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Fig 5^3 —Chick embr> os of 43 to 60 hours The upper portion 
m dorsal view 4 At t\\ent> segments, (43 hours) (X 19) B, At 
hours) (X 14) C At thirtj one segments (60 hours) (X 8) 
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IS also to be kno^n is the etid bud or latl bud, ance Jt gives nsc to the lower body The lateral 
mesoderm is split into somitic and sphnehnte hyers the splanchnic tncsoilmn contiins numerous 
small blood vessels of the \asculir network 

Section through the Primlttve Streek (rig $ 3 )") —In the mid dorsal line is the 
groove The four germ layers can be seen m direct contmuit) with the undifTercnlnted tissue 


5or«n<ic mesoderm Prmthve grooie 



Entoderm 

Fic 522 — Tfinsverse section through the pnmitiac streak of a seventeen segment chick embrjo 
X 9«> 

of the prtmtltie streak bcnnlh I atcrally, between the sphnchnic mesoderm and entoderm, 
blood \essels are present as in the preceding sections 

(E) EMBRYO OF TWENTY-SEVEN SEGMENTS (TWO DAYS) 

Although a chick embryo tvith 37 segments (50 hours) is chosen as the norm 
(Fig 523 B) the dcscnptiona that follow arc applicable to stages bettveen 45 
hours (23 segments) and 60 liours (32 segments) An earlier and a later stage are 
shottm in Fig 523 A and C respectively 

Dunng the latter half of the second day a remarkable change occurs in the 
appearance of the embryo and m its position with respect to the blastoderm (Fig 
523 B) The bending of the head, alrendy begun in the stage hst studied has 
continued until the fore- and hmd-brains are nearly paraHel This marked cephalic 
Jlexure occurs at the region of the mid-brain It i'? manifest that as long as the 
embryo retained its onginal prone position with respect to the yolk it would be 
difficult for the head to bend greatly ventrad In order to facilitate such flexion 
and to allow it to proceed to completion, the upper body has twisted about its 
long axis until the left side lies flat upon the yolk In a dorsal view, therefore, 
one sees the right side of the head but the dorsal side of the lower body The 
actual region of torsion now half way down the trunk will advance caudad pro- 
gressively until the whole embryo lies on its left side Additional curvatures then 
bend it into the shape of the letter C One of these flexures is already appeanng 
opposite the lower end of the heart at the junction of head and trunk for this 
reason it is named the cervical flexure 

Most of the body is rather sharply delimited from the blastoderm, the head 
is free, much of the nudbody is bounded by deep lateral folds, caudally the tail 
bud indicates the material for the future hind end of the body, it is bordered by a 
tail fold The further overgrowth of the embryo beyond the limits of the head- 
lateral- and tail folds will appear to constrict the embryo from extra-embryonic 
blastoderm 

The head is now covered by a doable fold of the somatopleure the head fold 
of the amniou, it envelops the upper half of the body like a veil The heart bends 
m the form of a letter S and distinct nleUine ariertes and vitelline veins connect 
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fonned by depressed ectoderm A median ectodermal sac. just in front of the 
pharyngeal membrane, is Raihke's pouch It extend^ along the \cntral surface of 
the diencephalon ivhere it uill dc\ clop into the epithelial portion of the hypophj sis 
The entodermal pharuix bears three pairs of literal outpocketings kno^n as 
pharptgeal pouches (Fig 524) Thc> occur opposite the three external branchial 
grooies, and here ectoderm of the groo\ e and entoderm of the pouch are in contact, 
fonning closing plates (Fig 523) At about this agt the first pair of plates rup- 
tures. thereby making a free opening or branchial cleft, into the pharynx These 
transitory apertures correspond to the gill clefts in lo^^er, aquatic vertebrates 
Bctiieen the successive pouches he solid, bar-like portions of the bod} wall, the 
branchial arches, in animals with aquatic respiration the arches bear gills, and 
even m higher embrjos, like the chick, an artery courses through each {cf Fig 
303 A) At the level of the second pair of pouches, a broadl} open pocket grows 
away from the median floor of the phaiynx, it is the thyroid gland (Fig 531) 
Bejond the pharynx the fore-gut narrow’s, but csopliagus, stomach and small intes- 
tine are not yet clearly distinguishable Towa^ the anterior intestinal portal 
the fore-gut is flattened from side to side, and before it opens into the mid-gut 
there is budded off the bilobed diverticulum of the hitr (Fig 524) This lies 
between the vitelline veins, which later break up into the sinusoidal spaces of 
the liv er 


Vascular System — The disappearance of the dorsal mcsocardium Icav cs the 
large, tubular heart attached solely b> its two ends Since the heart tube is 
grow mg faster than the surrounding bod}, it of necessity bends, when viewed 
from the ventral side it comes to look like the letter S (Fig 524) Four regions 
can be distinguished (i) the^inifrienwiw, into which the veins open, (2) a dilated 
dorsal chamber, the atrum, (3) a tubular, ventral portion bent in the form of a 
U, of which the left limb is the lentnch, the right limb (4) the bulbtts cordis From 
the bulbus is given off the icniral aorta There arc now three pairs of aortic arches, 
which open into the paired dorsal aorta The first aortic arch runs axially through 
the first branchial arch, located just cranial to the first phaiyngeal pouch it is the 
same vessel seen in the 38-hour embryo connecting ventral and dorsal aorta* The 
second and third aortic arches course in the second and third branchial arches 
which stand similarly cephalad of the second and third pharj ngeal pouches They 
are developed by the enlargement of channels in primitive capillary networks 
between the ventral and dorsal aorta? At the level of the sinus venosus the paired 
dorsal trunks fuse to form the single descending aorta, which extends as far back 
as the fifteenth pair of pnmitive segments At this point the aortcc again separate, 
opposite the twenty-second segments each connects with the trunk of a iiielline 
artery, which conveys blood to the vascular area (Fig 524) Caudal to the vitelline 
arteneb the aortie decrease rapidly in size and soon end 


As in the previous stage, the blood is returned from the vascular area to the 
heart by the mtelline leins, now two large trunks (Fig 524) In the body of the 
embiyo the anterior cardinal leins course ventrolateral to the brain, and already 
are of large size The smaller posterior cardinal xeins are developing caudal to 
the atnum They he m the mesenchjme of the somatopleure. lateral m position 
(Fig 533) Opposite the smut, venosus the antenor and postenor cardinal veins 
of each side unite to form the common tarduiaUeins (ducts of Cuvier} which ooen 
into the dorsal ttall of the smus venosus (F.g 524) The sot of pnmtive ^ems ,s 

m a netrerfol la°p“' channels 
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shaped outline in surface view (Fig 523) The auditory pheode of earlier stages 
has become a sac, the otocyst or oUc lestcle, it, honever, still retain', connection 
With the body ectoderm 

Digestive System — The tnlodctmal canal shows two (or three?) regional divi- 
sions Of these, the/orc-giH is best differentiated, it will be described more fully in 
the next paragraph In Fig 524 most of the entoderm has been removed, so that 
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Pic 524 — Ventral reconstruction of a twenty seven scftnent chick embrjo X tS The 
ectoderm and me.oderm of Ihc upper body and the entoderm ol the lorser t»dy have been mostly- 
removed Numbered lines indicate the levels of Fi^ 5*6-539 


the Open mid-gut &carctly shows, it extends from the aiiferior tnlestmal portal to 
the tail bud and, lacking a ventral wall, hes directly upon the yolk At the caudal 
end a shallow pocket opens ventrally, just caudal to the mam mass of the tail bud 
This IS commonly designated htnd-gut and posterior vtlestiml portal but there are 
reasons for suspectmg it to be the first indication of the sacculating aUaniois ^ 546) 
The pharyngeal i«em6ra«? hes at the bottom of a deep pit, the stomodeum. 
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uill fonn a mcmbrinous fluid-filled sac about the cmbrjo and the chorion 

V, hich e\ entualU encloses both embrj o and all extn-embr} onic structures Dc\ cl- 
opmentall> the tv.o membranes arc nothing more than the outer and inner h\ers 
of a circular fold throun up around the embno from the c^tra-cmbrjonic somato- 
pleure The t^o membranes arise simultaneouslv bv a single process of folding 
(Pig 525) The first indication o! them is a fold in front of the cmbr>o fo\\ov.cd 
latCT b> lateral and caudal ones (^) These hootl-like arching folds close m from 
all sides (B, E) until thc> meet and fuse oier the embryo (C D F) The inner 
somatoplcunc layer is the amnion, the outer somatoplcunc layer constitutes the 



Fig 526 — Tnns\ erse section through the flexed brim of a tv\ entj se\ en segment cluck embrj o 
X 50 

chonon of little importance to the chick It should be noted that, ivhile the 
folding bnngs the mesodermal components of these membranes facing each other, 
the tno are separated by the extra-embryome ccclom 

The head fold of the amnion had begun in the chick of the previous stage 
(Fig 510) at the end of the second day it is continuous along a crescentic margin 
^\lth the lateral folds and envelops the upper half of the body (Figs 523 and *534) 
As yet the tail fold of the amnion has scarcely started ^ 


Transverse Sections 


The following senes of transverse sections from 
fund'imcntally important structures, the illustrations 


a two-day chick shows the 
and descnptions are equally 
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Differentiation of Mesoderm and Coelom — The formatjon of new meso- 
derm'll segments and the progrcsuve difTcrentntion of older ones into sclerotome, 
myotome and dermatome continue as described for the preceding embryo (p 525) 
The nephrotome region shoivs the beginning of additional features The pro- 
nephne duct has continued beyond its original site of formation and extends tail- 
ward as a blindly growing cord A second set of kidney tubules is now starting 
to differentiate between the thirteenth and thirtieth segments They arise from 
the intermediate cell masses caudal to the pronephne group At first taking the 
shape of \csiclcs, they later will become wesoitephnc tubtdes and join the pro- 
nephne (hereafter mesonephne) duct The mesonephros constitutes the functional 
kidney of the embryo, but not the dcfmituc one 



Fig 525 -^Diagrams illustrating the deielopment of the fetal membranes in the chick 
(after McMumch and Kingsley) In A~D ectoderm mesoderm and entoderm are represented 
by heavy light and dotted lines respectively m £ F ectoderm is hatched mesoderm gray and 
entoderm black 

a Amnion a 7 , allantois am, ammotic cavjtj c chonon gt gut jo, somatopleure yr, jolk 
stalk and sac 

The splanchnopleure of this stage is chiefly in\ ol\ ed in gut formation Below 
the level of the free head the somatopleure is continuous with the extra-embryonic 
blastoderm but it is already being indented deeply by lateral body folds whose 
union will progressively close the ventral body wall (Fig 534) The establishment 
of a complete body wall is the chief factor in separating embryonic from extra- 
embryonic ccelom Up to the present time this closure has not occurred The 
only stretch of embryonic ccelom la due to fusions between somatopleure and 
splanchnopleure at the caudal le\el of the heart Since the lungs will bud out 
here these paired ccelomic canals are potentially pleural cavities 

Ammon and Chorion — ^At the end of the second day two extra-embryonic 
protective membranes ha\e become prominent They are the ammon which 
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rate la> er o{ mesodenn can be identified the mesodermal components of the amnion and chonon 
face each other across the extra embrj ontt coelom but due to collapse m the process of preparation 
they mai be found partl> in contact 

Section through the Optic Cups and First Aortic Arches (Fig 527) —Continuing dorni the 
senes the mid brain is passed and the brain becomes cut twice m uich section the t>f\elencephahn 
IS alnajs recognized by its thin roof and Us close association aith the notochord Obseiae that 
in these sections through the bent head progressiscaudaddown the hind brain half of the section, 
but rostrad toward the tip of the fore brain 

Since the section illustrated passes abo\e the lead of the optic stalks, the opitc cups appear 
unconnected with the fore brain The o\crl\ing ectoderm has thickened and ini aginattd to form 
the lefts lesicles The thicker wall of the optic cup next the lens will gi\ e nse to the ner\ ous la\ er 



PiG 528 — Transverse section through Rathkes pouch and the optic stalks of a twenty seven- 
segment chick embryo X 50 


of the retuu the thinner outer wall becomes the pigmented epithelium Ventrally' in the section is. 
the telencephalon and diencepkalon Dorsally occurs the m^elencephalon of the hind brain with 
Its roof a thin ependymal layer Between the brain vcsicJcs are longitudinal sections of the first 
pair of aortic arches Lateral to the hind brain are portions of the anterior cardinal letns which 
convey blood from the head to the heart ' 

SacliOQ thiough Rathke’s Pouch and Iho Optic Stalks (F,g 558) —The section passes lust 
caudal to the lens but it includes the caudal margins of the optic cups The shallow concavity 
on the margin is the choriotd fissure Each cup is connected with the wall of the fore-brain (soe 
^caUy the diencephalon) bv an eccentncally attached optic stalk this stalk will furnish the oath 

seen Parts ot the first pair of aortic arehes cut along their caudal borders connect n.th them 
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applicable to the study of cmlirj os between 45 hours (23 segments) and 60 hours 
(32 segments) The sections used are drawn from the ccphnljc surface, hence, 
the nght side of the embryo is at the reader’s left The precise level of each sig- 
nificant section in the student’s slides should be determined with respect to Figs 
523 B and 524, for the sections about to be desenbed this has been indicated 
along the margins of Fig 524 Since the head is bending rapidly during the last 
hours of the second day, minor vanations m the appearance of different senes of 
sections through the head are una\oidablc, this, ho\vc\cr, is chiefly a question of 
which particular structures happen to appear together m the fore-bnin and hind- 
brain portions of a section 



Fig 527 — Transverse section through the optic cups and first aortic arches of a twenty seven 
segment chick embryo X 50 

Section through the Flexed Brain (Fig 526) — Due to fiexion of the head the first sections 
encountered pass through the mesencephalon A little farther down the senes the vietencephalon 
of the hmd bram and the dtencepkalon of the fore brain are included as well constrictions mark 
the boundanes between these divisions as m Fig 526 The blood vessels seen m the mesenchyme 
are branches of the antertor cardinal tetns The splanchnopleure is characterized in this and 
subsequent sections by the presence of blood vessds m its mesodemial layer these obvious struc- 
tures make easy the identification of the yolk side of the blastoderm 

The entire bead is enveloped by the amnvin 1^ ojntrast the ckorton surrounds both embryo 
and yolk and consequently is m relation with the n^t side of the head only (t e the free side 
of the head away from the yolk) In each of these membranes a layer of ectoderm and a sepa- 
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Tio 530 —Transverse section through theotoc>st«, bulbus. and second aortic irches of ft twenty- 
seven segment chick embr>o X 50 



Pio 53. Transv erae s^tion through the second pharyngeal pouches thyro.d gland and ventocle 
ot a twentv seven segment chick embryo X 50 
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Bet^\een the ventral wall of the fore brain and the pharynx is an invagination of the slomodeal 
ectoderm Ralkke s pouch it will become the cpithcliil lobe of the hypophysis The anlertor 
cardinal inns have assumed their characteristic positions ventrolateral to the hind br iin 

Section through the Storaodeura and Pharyngeal Membrane (Pig 539) — The most impor 
tant feature of this level is the head, cut in two separate sections One part includes the hind 
bratn and pharynx, the other, the fore Bratn and end of the bent head The space between these 
two parts IS the region of the j/oMiotfeam Here the pharyngeal membrane composed of fused 
ectoderm and entoderm still separates stomodcum from phirynx Here also, the mouth of 
Raihkes pouch opens Dorsal and tenlral aorta show thar characteristic positions with respect 
to the pharynx This is about the lowest section to include the optic stalks 



Fig 529 — Transaerse section through the stomodeum and pharvngeal membrane of a twenty 
seven segment chick embryo X 50 


Section through the Otocysts, Bulbus and Second Aortic Arches (Fig 530) — The bent part 
of the head of the P shaped embryo has been pissed The otocysts are sectioned caudal to their 
apertures and so appear as closed sacs alongside the hmd bratn Ventral to the pharynx the 
bulbus cordts li sectioned obliquely Continuous with the bulbus is the unpaired tenlral aorta 
which gives off the second pair of aorhe arches these pass around the sides of the pharynx and 
cormect with the dorsal aorta Surrounding the bulbus cordis is the calom which is not yet 
enclosed b> body wall and for this reason is not yet specifically a pericardial cavity The amnion 
attaches to the body on each side on tbengbt it isfc^ed upon itself Thia is because thepnmitive 
amniotic folds fuse directly over the onginal dmsal line regardless of the tummg of the embryo 

consequently on the right there is 'slack 

Section through the Pharyngeal Pouches, Thyroid Gland and Ventricle (Fig 53 i) — -As the 
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FiO 530 —Transverse section throuKh thcoiorjsts, bulbus and second aortic nrehes of a tiscnty 
seven segment chick cmbr>o X 
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Flo 531 Traiisvor e sat.on throu, h the second ptatyngcal pouches thyroid gland and tcntncle 
ot a twentv-seven si^ment chick embryo X 50 
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section figured is taken at a level between the second and third aortic arches, the dorsal aorta 
and heart are unconnected nc\ ertheless, the ventral ends of the third pair of aorltc arches have 
been grazed and do show Tangential shavings have also been cut from the caudal walls of the 
otocysts, just as they are being left behind Extending latcrad from the pharynx is the second 
pair of pharyngeal pouches, which have already come in contact with the ectoderm to form closing 
plates, the complementary, external branektal grones are not well seen in the present instance 
A pocket like depression m the midventral floor of the pharynx indicates the beginning of the 
thyroid gland, later it becomes saccular and loses its connection With the pharyngeal entoderm 
The splanchnic mesodermal wall of the heart is destined to give nse to the epieardum and myo 
cardtum Only the beginning of the teninele appears, but a short distance down the senes its 
large loop is met the mam part of the ventnde is free and no longer suspended by the former 
dorsal mesocardium 

Section through the Atrium, Venous Stems and Pleural Cavities (Fig 532) — Between the 
previous level and this one the third aortic arches and much of the heart have been passed 
Also the antenor cardinal veins have bent downward to join the postenor cardinal v eins m a stem 



Fig 532 — Transverse section through the atnum venous stems and pleural cavities of a twenty 
seven segment chick embrjo X SO 

known as the common cardinal The present level shows the posterior and common cardinal 
veins the latter opening into the thin walled sinus lenosus The sinus receives all of the blood 
being returned to the heart and is separated from the larger atrium by a slight constnction only 
Passing a few sections lower the opening of the vtlelline leins into the sinus may also be demon 
strated The dorsal aort« have united to form the single descending aorta 

On each side of the pharynx is a subdivisioii of the ccelom which wall serve as a pleural cavity 
when the lung buds appear These canals are partially separated from the pericardial cavity by 
the septum transiersum (pnmitive diaphragm) through which the common cardinal veins cross 
to the sinus venosus Since the last section the myelencephalon has given way to the spinal cord 
and here the highest mesodermal segments are seen These somites have differentiated into a 
dermo myotome plate and a more difiuse sclerotome At all higher levels the general mesoderm 
was purely mesenchymie and without visible specialization The mesodermal components of the 
two amnion folds are not fused at this level 

Section through the Vitellme Veins and Liver (Fig 533) — The fore gut is now flattened 
from side to side and its cavity is narrow a few sections caudad it bends downward to open 
through the anterior intestinal portal onto the yolk sac Midventrally there is evaginated from 
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the enloderm •. P».r ot dn ertrfa V h»:h constitute the esrhcst mihcit.on of the (licr At the 
side of each bnd is a iiMliw in« (the left, cut is it suincs in from the hfistodeml) , their dcsti 
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Fig 533 —Transverse section through the \itcllinc veins and liver of a twentv seven scSTnent 
chick cmbfjo X 50 
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Fig 534 —Transverse section through the open gut and amnion folds of n twenty seven segraenf 
thick embryo X 50 


tion ,n the sinus venosus has already been traced The pnmitive beer bud does not always 
appear bdobed at a shehtlj later stiye it is foimd central to the united ctelhne veins and a 
second bud more cephalic in ottgm Iks dorsal to the van Note the intimate relation between 
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the entodermal epithelium of the liver and the endothelium of the vitelline veins, this is sig 
nificint since Htcr there will be a mjitual intergrowth between the two to give the characteristic 
relation of hepatic cords and sinuses 

The septum transiersum is still present at this lev cl, m fact it was onginally produced through 
the bulging vitelline veins fusing with the somatoplcure Lateral to the fore gut are small calomu 
catiltes, and lateral to these, in turn, appear portions of the posterior cardinal tetns 

Section through the Open Gut and Amnion Folds (Pig 534I — The intestme has opened 
ventrally as the mid gut its splanchnoplcunc wall passing directly over onto the vascular blasto 
derm The descending aorta is again divided by a septum into its primitive components, the 
right and left dorsal aorltt Lateral to the aorta: and in the somatoplcure are the small posterior 
cardinal terns The embrjonic coelom is in communication with the extra embryonic ccelom 
Deep lateral body folds of somatoplcure indicate how bv their ventral union the body becomes 
established free from the blastoderm 
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Pic 535 — Transverse section through the seventeenth pair of somites of a twenty seven segment 
chick embryo X 50 
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Fig 536 — Transverse section through the twenty third somites and the vitelline artenes of a 
twenty seven segment chick embryo X 50 



The amnion folds have not joined at this level thus leaving the anmiotic cavaty open some 
vanation may be found in the exact level where closure is occurring In such a section as this 
the somatopleunc components of the amnion and chonon are easily traced and a few sections 
cephalad the manner of union of the two folds is illustrated 

Section through the Seventeenth Pair of Somites (Fig 535) — The body of the embryo is 
no longer rotated On the left side of the embryo the mesodermal segment is specializing into a 
derma myotome plate and a diffuse sclerotome on the right side the section merely grazes the edge 
of a somite Lateral to each aorta appears a section of the pronepkrtc (mesonephric) duct and a 
mesonephric tubule The space nearby is the posUnor cardinal inn The embryonic somatoplcure 
IS arched and infolded, preparatory to forming the ventrolateral body wall of the embryo and 
separating the embryo from the underlying layers of the blastoderm 

Section through the Twenty-third Somites and the ViteUme Arteries (Fig 536) — In this 
emon the embryo is flatter and sunpler in structure corresponding to the condition at higher 
l^ls in younger embryos Mesodermal segments nephrotomes and lateral layers of somatic 
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and sphnchnic mesoderm -ire little chnnRcd from their onpnil ippenmnce The imniotic fdds 
h-i\e not appeared On the left side the vtlelhne orter\ leaves the aorta on the nRln side this 
connection has been passed The right posterior cardinal utn present just 1 iteral to the meso 
nephric iiihule and duct The small cluster? of cells ilonojlateril to the spinal cord are the neural 

crejtr which will difTcrcntiate into spinal Rangha 

Section through the Segmental Zone (Pig 537) —The mesodermal segments are replaced b\ 

segmental zone This is a somewhat tnangular column of primitive mesoderm readv tos^e 

as the source from which both somite^ and nephrotomes will be progressive!! blocked out The 
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Fig 537 — Transverse section through the segmental 2one of a twentv seven segment chick 
embrjo X 50 
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Fig 538 — Trinsvtr«e section through the tail bud of a twentj seven segment chick embr>a 
X 50 
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Fjg 539 — Transverse section through the allintois of a twentv seven segment chick embrv 
X 50 


o 


solid caudal ends of the free grov-mg mesanepknc ducts appear at this lev cl The aorte are smaller 
than heretofore and a short distance caudad thej disappear in the plexus of the area \ asculosa 
Laterall> the somalopleure and splanchnopleure are flat and separated by the slit like ca:lom 

Section through the Tad Bud (Fig 538) —In emboos of two days the neural groove has 
rolled into a tube and is cut off from the surface ectoderm throughout its full length At the 
present level the caudal tip of the spinal canal is seen and the ventral wall of the neural tube is 
merged with an undifferentiated mass of dense tissue which is a common meeting ground for the 
ectod^ mesoderm and entoderm This tissue has the essential relations of the pnmitu e knot 
of earlier stages and like it is a region of progressiv e proliferation and differentiation the entire 
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formative mass his been cniled the /atf hud, since the caudal end of the body develops from its 
substance 

Section through the Allantois (Fic 5^9) — A short pocket, located m the mtdplane, is cut 
across at this level \ few sections cephihd tti the wies it opens and becomes continuous with 
theentoderm Some interpret this divttticulom as the bcgsnmnR htnd ^ui and poiimor tnttsUnal 
poTiai Since howe\ er, it is hTgely caudal to the tail bod, Jt more probably is the first indication 
of the saccuhtmK allanhts {nhich precedes the reveml of relations at the caudal end of the 
embryo and the establishment of a hind gut by folding Pig 70) 

Also m the trudplane may be seen the caudal end of the tail bud It is continuous dorsally 
nith theec/oderni ventrally with the entoderm of the hind gut and htcrallv with the mesoderm 


Brattehtal eleft a Canthon ft g 



Pig 540 — Chick erobrj os of three and four days \aewed from the nght side A At three days 
1X14) B At four days < X 6 ) 

(P> EMBRYOS OF THREE TO FOUR PAYS 
During the third and fourth days of incubation the chick attains a stage of 
development corresponding to the youngest pig embryos cmstomanly studied It 
will be sufficient, therefore to desenbe only such essential features of develop- 
mental ad\ ance in these older chick embryos as arc necessary for introducing the 
detailed pig studies that follow „ , , 

External Fonn — The whole body sho'sra the effect of continued torsion and 
the emhiyo now lies on its left side (Fig 54») The former flexures, especially the 
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Digestive and Respiratory Systems — ^The fore-gut and hind-gut are closed in 
tubes, v-hile the open mid-gut is a relatively short segment connected by the yolk 
stalk with the yolk sac (Fig 541) As the pharyngeal membrane has ruptured, 
the stomodcum becomes an integral part of the mouth canty Four pharyngeal 
pouches arc prominent, in all but the fourth, the closing plates perforate and form 
temporary branchial clefts By the end of the fourth day the thyroui diverticulum 
loses its connection with the median floor of the pharynx The trachea has ansen 
from a midventral groove which separates from the caudal end of the pharynx 
and bifurcates into two lung buds 'Hie esophagus is a short and slender tube, and 
the stomach is a slightly spindle-shaped dilatation Both Iner buds have fused into 
a common branching mass, while at the same level the pancreas is appeanng 

Except for the attachment of the slender yolk stalk to the nearly straight 
tnteshne, there are no additional features of special interest above the caudal end 
of the hmd-gut Here the gut is separated from an ectodermal pit, the proctodeum, 
by a thin cloacal membrane which later perforates (Fig 541) The mcaonephne 
ducts ]Oin the hind-gut, and a stalked \ csiclc, the allantois, grow s from its v cntral 
floor This terminal portion of the original hind gut, which will receive not onlv 
the contents of the intestine but also the secretions of the unnarj and reproductive 
glands, IS the cloaca 

Urinary System — The pronephne tubules disappear on the fourth day 
Mesonephric tubules are still developing Each consists of an elongate coiled 
tubule which is associated w ith a knot of blood vessels (glomcnilus) at one end 
and drains into the mesonephric duct at the other The metanephros, or permanent 
kidney is just appeanng, its collecting tubules and ureter ansc as a bud from the 
mesonephne duct near the cloaca, the secretory tubules will develop from adjacent 
nephrotome tissue, located more caudall> than the mesonephros 

Vascular System — The ventncular loop has mov ed caudad and the atnal 
region cephalad thus reversing the onginal relations of these parts (Fig 540) 
Both atrium and lentrtcle show external indications of a beginning division into 
nght and left chambers the myocardial wall is assuming the charactenstics of 
muscle cells As a whole, the heart has sunk caudad considerably from its early 
cephalic position 

Below the heart the pnmitive aortae are fused throughout their lengths 
Since the second day a fourth pair of aortic arches, a rudimentary fifth and a sixth 
pair have developed, of the full set, only the third (carotid) fourth (aortic) and 
sixth (pulmonary) arches remain The cardinal leins arc well developed, and 
the paired vttelhne arteries and leins have each fused inside the body into single 
vessels New allantoic arteries pass to the allantois and allantoic reins return 
the same blood by way of the lateral body wall to the heart These vessels arc 
also termed umbilical they become still more important m the mammal 

Extra-embryomc Membranes — During the third day the tail-fold of the 
anunon develops, and soon the embryo becomes enclosed by a complete fluid-filled 
sac which is protective in function (Fig 525) the chorion formed by the same 
process but of little significance ultimately surrounds the embry o and all extra- 
embryonic structures Much of the yolk mass is covered by advancing splanch- 
nopleure (yolk sac) which is continuous over a narrow yolk stalk with the gut (Fig 
sAi) As the embryo elongates the yolk stalk appears relatively narrower 
trough the vitelline v essels the yolk supplies all the food matcnal for embryonic 
vrowth The allantois anses late in the third day as a diverticulum of the splanch- 
^leunc floor of the hmd-gut (Figs 540 and 541) It later becomes a large, 
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stalked sac occup\’ing the space beneath the shell Allantoic (umbilical) blood 
\essels ramifj in its nails, and the allantois seiaes as the pnncipal fetal organ of 
respiration and excretion 

(G) EMBRYOS OF SEVEN AND TEN DAYS 

Fig 541’ illustrates the ad\anccs in fonn acquired up to the middle of the 
incubation penod B> the end of this time the fetus becomes unmistakablj bird- 
like in Its external charactenstics The onginal ccnical flexure has been lost, and 
a distinct neck non separates head from thorax The first branchial arches remain 



Fig 541^ — Later chick embnos from the left side (after Kcibel and Abraham) X 3 

A tt se\ cn da\ s 5 at ten dai s 

as the pnmjtu e jajjs \\ hich assume the appearance of a beak and the first branchial 
cleft is retained as the external acotisUc mealus about nhich no aunclc deielops 
The other arches and clefts ha\c disappeared The \entral surface of the body 
bulges prominentlj as the \iscera become more protuberant Feather pnmordia 
appear in definite patterns The contours of the bod} , including the head and 
tail become recognizabl} aMan, and the fore limbs are wing-hke 

RECOMMENDED COLLATERAL READING 
LiUie F R The De\ elopment of the Chick Holt 
Patten B M The Earl> Embrj ology of the Chick Blakiston 
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The mituring eggs of the pig ire expelled from the oviry during the penod 
of heat, following which the> become promptly fertilized (c/ Fig 27) Ctca\agc 
and the formation of a blastocjsl arc illustrated in Fig 33 Gistnilation (the 
segregation of entoderm and mesoderm) is essentially like the stages shown in 
Figs 46 and 48, while the orgimzition of a typical blastoderm is illustrated in 
F>g 49 

At the completion of germ-layer formation the embryonic disc possesses a 
topical pnmiti\c streak (Fig 542 A) This is quicklv followed bj^ the appearance 
of neural folds (B, C) Comcidentli with their closure into a neural tube, meso- 



FiG 542 — Early pig embrjos m dorsal view (Keibel) X 20 A, Blastoderm at twelve 
days with primitive streak and knot Blastoderm at thirteen da> s with pnmitive streak and 
neural groove C Embryo of fourteen days, with seven segments 


dermal segments are appeanng progrtssivcly (Fig 543 A) The fundamental 
simihnty of these stages to chick embryos of the first two days is apparent (B) 
The stages immediately succeeding correspond to those of three-day chick embryos, 
but are complicated by flexion and spiral twisting (<7) , this makes sections difficult 
for the beginner to interpret However, m embryos about 6 mm long the twist 
of the body has disappeared sufficiently so that its structure may be studied to 
better advantage At this time the state of development is generally comparable 
to that of a four-day chick (Fig 544) NoUce the similanty of Figs 542 and 543 
to the human stages shown as Figs 65, 71, 72 and 73 
550 
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The fetal membranes of the pig stand somenhat intermediate betneen the 
chick and man The amnion, clionon and allantois dcielop \cr> much as in the 
chick (Fig 53) The yolk sac for a time grons rapidlj , but its functions are soon 



Fig 543— Early pig embrjos in dorsal view (Kcibcl) A At fifteen da>s with eleven 
segments (X 20) B At sixteen dajs, with seventeen segments (X 15) C At seventeen days 
approximately 4 mm long with about the full number of segments (X 12) 


transferred to the allantois which fuses with the chonon the two constitute a 
placenta which is the organ of fetal respiration, nutation and excretion (Fig 
57 A, B) The development and relations of these extra-embrjonic structures are 
described on pp 80-89 

(A) THE ANATOMY OF A SIX MM PIG EMBRYO 

The general structure of a 6 mm pig embrjo is illustrated in Figs 544 to 547 
This should be compared with the chick embryo of four days (Figs 540 and 541) 
and the 5 and 8 mm human embrjos (Fig 74) Familiarity with Figs 544 to 547 
Will make the detailed study of the 10 mm pig embryo, which follows, easier to 
understand 
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FiG 545 —Lateral dissection of a 5 5 mm pig embryo 
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Pic 546 —Median dis&ection of n 6 mm pig embr>o, iftcr rcmo\ il of tlic ngJit Jnlf X I2 
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(B) THE ANATOMY OF A TEN MM. PIG EMBRYO 
Thjs IS the most instructn c single stage of later dc^ clopmcnt Nearly all the 
important organs arc represented, and yet the embryo is not so complex as to 
confuse unduly a beginner Cmbryos between 8 and 14 mm long may be used 
satisfactonl> in conjunction with the dcscnptions that follow Human embryos 
of 8 mm and 12 mm arc shown in Tigs 74 B and 75. respectively At this period 
a human cmbiyo is slightly further advanced than a pig embryo of equal sixe, but 
at corresponding stages of dc\ clopmcnt they arc fundamentally alike 

External Form — The. head, which is rclatn clj large on account of the dom- 
inance of the brain, makes a nght-anglcd bend at the cephalic flexure (Fig 548) 
On the under surface of the head arc the olfacf&ry pits, non dranm into elongate 
grooves and bounded by lateral and Median vasal processes The lens of the eye 
IS prominent as it lies beneath the ectoderm, surrounded by the optic cup At the 
sides of the head are four braucliial arches, separated by three branchial groons 
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Fio 54& — Pjj, einboo of 10 mm viewed from the right side X? 


The first branchial arch of each bide forks lentrallj into two parts The snwUer 
maxillary proo-sses show signs of fusing with the median nasal processes to fonn 
the upper jaw. while the larger mandibular processes have united alreadj into the 
lower jaw (cf Fig 554) Next caudad is the prominent second, or h>0}d'arch 
Small tubercles, which will combine into the auricle of the external ear, bound the 
first branchial groove, the groove itself will become the external acoustic meatus 
The third branchial arch is still visible in the future neck region, but the fourth 
arch has sunk into the cervical sinus, both disappear at a slightly later stage 

At the cenical flexure the head is bent at right angles to the body, thus bringing 
the ventral surface of the head close to the feunk (Fig 548) it is probably owing 
to tbvs flexure that the third and fourth branchial arches buckle mnard to give 
nse to the cervical sinus (Fig 554} Along its dorsal surface the trunk curves 
convexly, but this feature is not so prominent as at 6 mm The reduction m the 
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while an cvagination of the midventral wall (the infundibulum) will produce the 
neural lobe of the hypophysis (3) The mesencephalon never subdivides, and its 
ca\ity becomes the cerebral aqueduct leading caudad into the fourth ventricle 
(4) The metencephalon is separated from the mesencephalon by a constnction, the 
tsihmtts Dorsolatcrally it becomes the cerebellum, vcntrally the pons (5) The 
elongate myelenccphalon is roofed over by a thin and non-ner\ous ependymal 
layer Its \ entrolatcral 'uall is thickened and still gives internal indication of the 
neuromeres The cavity of the metencephalon and myelenccphalon is the/o«r//i 
ventricle 

The spinal cord begins without specific demarcation and extends into the 
tapenng tail * Just beneath the hind-bram and spinal cord lies the notochord 

The Cranial Nenes — Of the twelve pairs of cranial nerves all but the olfac- 
tory and abducens are represented on Fig 549, where they occur in the order bsted 
(i) The olfactory iiene is not grossly demonstrable at this stage (2) The n opticus 
fibers are growing bramward within the optic stalk, cut through in this illustra- 
tion (3) The n oculomotonus, a motor nerve to four of the eye muscles, takes 
ongm from the ventrolateral wall of the mesencephalon and passes downward 
between the two parts of the bent brain (4) The « trochlearis, motor and destined 
for the supenor oblique muscle of the eye, really anses from the ventral wall of 
the mesencephalon but emerges dorsally at the isthmus The next eight pairs 
of nerves pass off from the rhombencephalon, since four of these are rostral to 
the otocyst m the metencephalon and four he caudally in the myelencephalon, 
the otocyst becomes a convenient landmark (5) The n trigeminus is conspicuous 
because of its large semilunar ganglion and three branches (ophthalmic, maxillary 
and mandibular rami) which carry motor impulses to the jaw muscles and bring 
sensory impulses from the head (6) The n abducens onginatcs from the ventral 
brain wall and passes to the eye where it will innervate the external rectus muscle 
(7) The n facialis is mixed sensory and motor it bears the geniculate ganglion 
and div ides into chorda tympani, facial and superficial petrosal rami m the order 
named, most of the nerve has to do with the motor innervation of the face, whereas 
the sensory supply goes to the tongue (8) The n acusticns anses just rostral to 
the otocyst it bears the acoustic ganglion which will send sensory fibers to the 
internal ear The postotic nerves arc displayed in greater detail in Fig 550 
(9) Caudal to the otocyst is the n glossopharyngeus, showing a proximal superior 
and a more distal petrosal ganglion, its sensory and motor fibers innervate both 
tongue and pharynx (10) The « lagtts is mixed in function and has both a jugular 
and a nodose ganglion, its fibers innervate chiefly the viscera (ii) The « acces- 
sorius has motor fibers which take ongin both from the lateral wall of the myelen- 
cephalon and from the spinal cord as far caudad as the sixth cervical ganglion, 
an internal branch accompanies thewagus while the external branch is distributed 
to the stemo-mastoid and trapezius muscles (12) The « hypoglossus arises by 
five or SIX rootlets from the ventral wall of the myelencephalon, it is purely motor 
and supplies the muscles of the tongue 

It should be noted that the fifth, seventh, ninth and tenth cranial nerves 
pass into the four branchial arches in the order named This primitive relation, 
better seen in Fig 545, is maintained in the adult when the nerves innervate the 
derivatives of these arches 

A nodular chain of ganglion cells extends caudad from the jugular ganglion 
of the vagus (Fig 550) These have been interpreted as accessory lagus ganglia 
They may, however, be continuous with Fronep's ganglion which sends sensory 
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fibers to the n hypoglossus In pig embryos of 15 mm this clnm is frequently 
divided into four or fi\c gonghomc masses, of which occ'isionall) ti\o or three 
(including Fronep’s gnnghon) contnbute fibers to the root fascicles of the h> po- 

glossal none (Fig 550) , , . , , 

The Spinal Neric^ —Z'lch nene his 1 single spinal ganqlion, from which 
the setisoiy dorsal root fibers arc de\elopcd (Figs 549 and 569) 'The motor fillers 
take origin from the \rntr'il cells of the neural tube, they form the tcntral roots 
uhtch 30m the dorsal roots in the common nene IruuK In the region of the upper 
and lov.cr Umb buds the spinal ncncs unite and gite nsc rcspccincly to the 
brachial and Imnbo^sacral plexuses 

The Sense Organs —The olfactory pits are deep fossoj, flanked by the median 
and lateral nasal processes (Fig 54 ^) The stalked optic cup is prominent and the 


Accessory gang i 



Pig 550 — Dissection of the postotic crinnl nmes tnd Ringha of a 15 mm pig embryo Mewed 
from the nght side X 25 


lens vesicle detached from the ectoderm The otocyst is a compressed o\ al \ csiclc 
tilth a tubular endolyinph duct growing from its mcdnl side 

Digestive and Respiratory Systems —ifoidh and P/iarj iiv — The pharyngeal 
membrane disappeared at a considerably earlier stage and the stomodeum is now 
continuous with the pharyns From the dorsal wall of the ectodermal mouth 
canty Rathke's pouch (epithelial hypophysis) extends as a long stalked sac which 
forks at Its end near the neural hypophyseal lobe (Tig 551) The floor of the 
mouth and pharynx is occupied by the (oiigne and epvglotlis {Fig 53^) From the 
mandibular arches arise paired lateral saellinss that become the body of the tongue 
Lying betueen these, thickenings is the transient tuberculiim tmpar The thvro 
gloss il duct which formerly opened just caudal to the tuberculum impar, is already 
obliterated the thyroid gland itself, composed of branching epithelial cords, is now 
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anatomy of a ten mm pig embryo 
, , the second and third branchial arches (Fig SSS) 

located in the midplane iKtoeen represents the 

A median ridge, named the ^ ^ ^1^ tubcrculum impar nith the epiglottis 

pnmitive root o the “"S^^^lw and fourth branchial arches (Fig 55 =) 
nhich develops hoin the bases 

On each side ol the sht'b'' S , ^11,, it m broad at the oral end Opposite 
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Fig 55J— Reconstruction of a 10 mm pig embr>o \iewed from the right side X 10 
The \ eins are not included broken lines indicate the outline of the left mesonephros and the 
positions of the hmb buds 


flexure The pharyngeal pouches are lai^e, and each bears a dorsal and a ventral 
v-mg (Fig 553) The first pouch persibts as the auditory tube and tympanic cavity. 
the ‘closing plate’ between it and the first branchial groo\e forms the fyjjtpantc 
membrane, while the ectodermal groove becomes the external acoustic meatus 
The second pouch is destined largely to disappear, about it de\elops the palatine 
tonsil The dorsal ving of each tubular third pouch forms a parathyroid gland, the 
\ entral w mgs differentiate into the thymus The fourth pouch is smaller , its dorsal 
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Wing gives nse to another parathyroid on each side, while the ventral wing is 
rudimcntarv A tubuhr outgrowth, )ust caudal to the fourth pouch, is com- 
monly regarded as a fifth pharyngeal pouch, it forms an ttUtmobraiichal body on 
each Side 

Larynx, Trachea and Luni's — The larynx and eptf'httis arc indicated (Fig 
552), and the trachea is a definite tube (Figs 551 and 553) Terminalh the trachea 
bifurcates into prmary bronchi, each of these has already di\aded again into 
secondary bronchial buds which indicate the two lobes of the left lung and the 
middle and lower lobes of the nght lung (Fig 554) From the right side of the 
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Fic 554 — Ventral dissections of a lo mm ptp embryo A General Mew with head bent dorsad 
(X 9) B Detail of duodenal region (X 2o) 

trachea itself app< ars another bud which m the pig represents the upper lobe 
of the nght lung 

Esophagus and Sfouiac/i— -The esophagus attends as a narrow tube past the 
lungs whereupon it dilates mto the laterally flattened stomach (Figs 551 and 553) 
The entire stomach has so rotated that the onginal dorsal border, now the convex 
preater cur\ ature, lies to the left and the pnmitive ventral border (lesser cur\ ature) 
fo the nght (Fig 554) At this stage the rotation is incomplete 

jMlihne— The pylonc end of the stomach opens into the duodenum which 
\ hows the effect of stomach rotation so that the stem of the hepatic dner^ 
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Uctilum, onpnating from it, now lies to the nght (Fig S 54 The ducrticulum 
itself has differentiated into \anoiis things From its tip has come the four-lobcd 
Ihcr, filling in the space between the heart, stomach and duodenum (Fig 551) 
One'of the sc^cral ducts now connecting the li\cr with the parent duerticulum 
will persist as the hepatic duct The mam stem of the duerticulum is the common 
bile duct, while a side sacculation is the cystic duct and goif bladder (Figs 553 and 
554) The neutral pancreas spnngs from the common bile duct near its point of 
origin It IS directed dorsad and caudad to the right of the duodenum The 
dorsal pancreas arises a little more caudalK (111 man cranialK) from the dorsal 
wall of the duodenum, its larger, lobuhted bocU grows dorsad and ccphalad (Figs 
553 'ii^d 554) The two glands will interlock into a single organ in the pig it is 
the duct of the dorsal pancreas that persists as the functional duct 

Bejond the duodenum the intestine is thrown into a loop, which extends 
well into the umbilical cord and connects w itli tlic yolK stalk there (Figs 551 and 
553) Owing to rotation in the entire loop the cranial hmb of the intestine lies 
to the right the caudal limb to the left The small intestine (jejunum and ileum) 
extends as far as a slight cnlargment on the caudal hmb of the loop (Fig 551) 
This is the caewn which marks the beginning of the /argr intestine (colon and 
rectum) The cloaca is now subdixiding into the rectum and urogenital sinus 

Coelom and Mesenteries — The coelom is a continuous communicating 
system which includes the single pericardial and peritoneal coKitics still connected 
by paired pleural canals Between the heart and h\cr is a prominent partition, 
the sephiin Jronsierstnn, the h\er is broadly fxiscd to this septum which will com- 
prise much of the diaphragm (Fig 551) The double sheet of splanchnic meso- 
derm that serves as the pnmitne dorsal mesenterv receives special names at 
different levels Where it suspends the stomach it is known as the »;«ogci5lrnn» 
or greater omentum Then in order come the mcsodiiodenum, the mesentery proper 
of the small intestine and the mesocolon The last two divisions follow the intes- 


tinal loop out into the umbilical cord (Fig 553) TIic ventral mesentery is limited 
in extent It persists as the lesser omentum between stomach and liver encloses 
the liver, and continues as the falciform ligament between the liver and ventral 
body wall A saccular recess between the cav al mesentery and lu er on the nght 
and the stomach and its mesentcncs on the left, is the omental bursa It opens 
through a narrow ed epipfcJJC /arowcji (of Winslow) (c/ Fig 21 1 /I) 

Urogenital System — The mesonephroi arc large and complex in the pig (Figs 
549 and 554) Along the middle of their xentromesial surfaces geinfai ndges have 
become prominent (Fig 551) In a ventral dissection the course of the mesonephric 
ducii can be traced along the ventral margins of the mesonephroi and into the uro- 
genital sinus (Fig 554) The allantois is a conspicuous stalked sac which com- 


municates with the ventral part of the urogenital sinus (Fig 551) 

The metanephroi or permanent kidney S, he far caudad between the roots of 
the umbilical artenes (Figs 551 and 553) At the present stage each consists of 
a tubular epithelial portion, surrounded by a mass of condensed mesenchyme 
The epithelial tube has budded off the mesonephne duct, near its ending, proxi- 
mally there is a slender duct, the ureter, while a distal dilatation is the pehns 
From the renal pelvis grow out later the ealvees and collecting tubules of the 
kidney Encasing the pelvic pnmordium is a layer of condensed mesenchyme 
fSlet nephrotomes and destined to differentiate into the secretory 



$62 


THE STUDY OF PIG EMBRYOS 


Vascular System —The Heart — This or^an Ijc^ within the pcnc^^d^il^ cavity 
Its general form and relations arc illustrated in Figs 549 and 55^ There are 
two atrta and two thicker-walled venlrtcles In addition, a small chamber, the 5ni»s 
icnosus, receives all the blood returned to the heart and directs it into the nght 
atniim while the bulbus cordis stilt serves as a common arterial outlet (Fig 555 B) 
From the two homisections shown m Fig 555 the intcnial structure of the 
heart can be understood The entrance from the sinus venosus into the right 
atnum is a sagittal slit, guarded by nght and left takes of the sinus lenostts Dor- 
sally the two \aUcs join and continue a short distance as the temporary septum 
spnrum Somewhat hter the sinus largely loses its identity by merging with 
the right atnum although its middle part docs persist as the coronary sinus The 
dorsd wall of the left atnum is receiving a single pulmonary letn (not shown) 
The two alrta are incompletely partitioned by the septum prwium which contains 
an opening, the /ornnien ovale J On the nghl side of this partition a second sicklc- 
like fold, the septum secundum, is forming It also becomes an incomplete septum 



Fig 555 — Dissections o( the heart of pis embryos X 20 A At 10 nun , with ventral wall 
removed (after Patten) B At 12 mm wth nght wall removed 

which bears an opening, known as the foramen ovale II After birth these two 
septa, together with the left \alve of the sinus \cnosus, will fuse to complete the 
final atnal septum Slightly earlier the atna and ventnclcs communicated through 
a common canal, bounded by two thickenings named endocardial cushions At 
the present stage the two cushions ha\e joined midway, have received the septum 
pnmum and now subdivide this passage into two atrio-ientncular canals About 
the right canal the endocardium is already undermined and m the process of 
forming the tricuspid lalve, similarly, on the left is the developing bicuspid lalve 
The two lentTicles are separated by a lentrtatlar septum, it is complete except for 
the interventricular foramen which connects the left ventricle with the bulbar part 
of the nght The 6»/6ifs cordis separates distally into ascending aorta and pid- 
inonary artery but proximally it is still undivided The ventricular walls are 
thick and spongy, forming a meshwork of muscular trabeculae separated by sinu- 
soids Until later when coronary ves%Is are developed, the heart receives all its 
nourishment from the blood circulating m the sinusoids 
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The ilrtcrics— The aortic-arch sistem is still represented, althouRh some- 
what modified and m process of transforming into its 

S56) The first two pairs of arches hate disappeared The third pair .and the 
extensions of the dorsal aortx into the head constitute a continuous channel to be 
I notin as the t„lcrual carotids Near their bases arise the ptcrual carotid arteries 
which extend into the region of the loner jan The fourth aortic arch is largest 

AtiastnmostS of bastlar and tnt cafolid arlertes 
(Ctrcttlus Qftfnosus of II lUn) 
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Fig 5^6 — Reconstruction of the artencs of a I2 mm pig embr>o viened from the left side 
(after Patten from Lewis) X 9 


ind on the left side it ^\llI fonn the permanent arch oj the aorta The sixth (fifth?) 
aortic arches connect t\ith the pulmonary trunk, and from them small pulmonary 
arteries pass to the lungs, the left arch continues until birth as the ductus arteriosus 
The paired dorsal aortce unite opposite the eighth segments and continue 
Ciudad as the median descending aorta (Fig 556) The aorta shows dorsal lateral 
and \entral branches The dorsal branches pass upward between the somites, and 
accordingl)- can be called tntcrsegmental artenes From the seventh pair, which 
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IS located 3ust where the dorsal aorte combine, the stibchiian arteries pass off 
to the upper limb buds, and uricbral arteries run ccphalad into the head The 
latter vessels arc formed by longitudinal anastomoses between the first seven 
pairs on each side, after which the stems of the first six atrophy Under the brain 
the vertcbrals are continuous with the unpaired basilar artery, the httcr connects 
With the internal carotids beneath the dicnccphalon Lateral branches of the 
descending aorta supply the mesonephroi and genital ndges Ventral branches 
form the cahac artery to the stomach region, the superior mesenteric artery (pnmitu e 


AnI tardtnalutti (eaternous sinus) 



Pic 557 — Reconstruction o£ the \ eins of a 12 mm pig embryo viewed from the left side (after 
Lewis) X 9 


Mtelline) to the small intestine and the tnfertor mesenteric artery to the large 
intestine The umbshcal arteries (to the alUntois and placenta) belong m this ven- 
tral senes but they now anse laterally from secondary trunks which persist as the 
common iltacs Beyond this point the aorta narrows into the diminutive caudal 
artery extending into the tail 

The Veins — Three sets of plexuses, which are the forerunners of the dural 
sinuses occur alongside the brain They dram into the anterior cardinal-veins, 
now booming the internal jugular veins (Fig 557) After receiving the newer 
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extermt tiigtilar Mis from the mandibular reRion and the subchaait mis from 
the upper limb buds, the anterior cardinals open into the common cardinal icins 
(ducts of Cuvier) The latter empty into the sinus \ enosiis 

The posterior cardinal tans arc the most primitive veins caudal to the level 
of the heart They course dorsal to the mesonephroi and drain the mesonephric 
sinusoids (Fig 557) However, the posterior cardinal veins arc already beginning 
to decline, and midil.ay along their lengths an interruption occurs, for this rc.ason 
only the cranial halves communicate with the common cardinal stems 

Considerable diversion of blood from the postenor clrdmal veins has been 
brought about by the development of snhcardinal ,rni 5 along the ventromcsial 


R ant cardinal tein 
Pericardial emity 
5 inus ttnosKS 



Common nUlUne tetn- 
Small tntesUne- 
Sup inesenlenc lan' 
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R umbilical artery 


umbilical tetn 
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Fig 558 -- -Ventral reco^v(ructIon of 1 10 mm pip embf>o, espcciillj to sho\% the umbihcnl 
and tntelline \eins X 15 In the small onentition figure («/ Fig 553) the \anous phnts are 
mdicated b> broken lines — • * 


surfaces of the mesonephroi These vessels 'irose as longitudinal channels in a 
mesonephne plt^us that ^vas ongmally tnbutary to the postenor cardinal veins 
Connections between the post- and subcardinal systems of each side still exist, 
nhile the tuo subcardinals also communicate by a prominent anastomosis across 
the midplane of the body A fairly prominent icntral ..em of the mesonephros 
follows the V tntral border of this organ, but it *>000 disappears 

The inferior vena caio is becommg established at this stage It has a com- 
pound origin In the mesonephne region the larger right subcardinal is an impor- 
tant component (Fig 557) More cephaiad a vein has developed in a specialized 
portion (caval mesentery) of the mesogastnum This vessel connects the sub- 
cardinal with the hipatic (vitelline) sinusoids The blood flow through the sinu- 
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soids js alreidy consolidating into a dcfimte channel, and this is the hepatic part 
of the mfenor vena ca\a (Fig 55B), it empties into the common hepatic \cm 
(primitive right vitelline) 

The in)t6ihca( tcins follow the allantoic stalk back from the placenta In the 
umbilical cord they have merged into a common vessel, but they separate again 
on entering the embryo where they course in the ventrolateral b^y wall of each 
Side to the level of the hver (Fig 557) Ccphalad of the luer the original stems 
that connected with the sinus venosus have disappeared The umbilical blood 
IS now routed through the liver in enlarged sinusoidal channels The left um- 
bilical r the larger of the two, and it alone persists in older fetuses An important 
fetal passage, connecting the left umbilical with the inferior vena cava, is the 
ducUis venosus (Fig 558) 

Distally the two mtelline leiiis arc fused Passing inward from the regressive 
volk sac, they course ccphalad of the intestinal loop (Pigs 556 and 558) In the 
pancreas region the left vein receives the sitpmor mesenteric ion which is a new 
vessel ansmg m the mesentery of the intestinal loop Above this junction a cross 
anastomosis, and a continuation of the right vein make a new channel which is 
known as the portal van It gives olT branches to the hepatic sinusoids, which 
have arisen much earlier from a breaking up of the Mtclhnc veins in this region, 
and connects with the left umbilical vein within the hver Beyond the sinusoids 
the vitelline vessels arc retained as hepatic ictus and the stem of the viferior 
xeiia coin 

Transverse Sections op a Ten Mm Pic Embryo 

The more important levels as indicated by guide lines on Pig 559, are illus- 
trated and described These arc useful for the identification of organs, but the 
student must interpret his sections with reference to the dissections and rocon- 



F.G 559— RecotiVtruclion of a 10 mm pig embryo (c/ Fig 553) X 8 The numbered hnei 
indicate the levels of transversesect*ons shown as Figs 560-581 


TRANSVI RSE SECTIONS OF A TEN MM PIG EMBR \0 5^7 


Stmctions. and especially Fig 553 All sections -itc drawn W the cepW 
surface, accordingly, the right side of the embryo is at the reader s lelt 


Sections through the Cephalic Flexure —Due to the flexed ht<id the sections first cncoun 
tered pass through the meseytcephalon and nie/<n«f»fta/o» At a slightb lower level the meten- 
cephalon also becomes continuous with the thm roofed myeleHcephalon but prcscntl> the mid- 
brain gives way to the dtencephalon as the bram becomes cut twice Sev oral imiiorlant sl^cturcs 
should be identified m the me-enchvme between these two portions of the briin In the mid 
plane but nearer the metenccphalon is the single lastlar artery, v cntrolater il to the dicncephalon 
are the paired internal carotids {cj Fig 'These three vcs-cls unite at the location of the 



Fic 560 — Transv erse section through the semilunar gangUa and otocj sts of a 1 0 mm pig cmbr> o 
X 33 


future arlrrial circle (of Willis) About halfway between the midplane and the lateral wall appear 
branches of the anterior cardinal letns and the oculomotor and trochlear nenes Of the two nerves 
the trocniear is smaller and slightly more lateral m position in some sents it extends only a slight 
distance Thfr ongin and relations of these nerves show plainly in Fig 549 

Section through the Infundibulum, Semilunar Ganglia and Otocysts (Fig 560) The bram 

IS sectioned twice At the bottom o{ the section is the tfiencepfea/ow cut transversely, itscavitv 
u the third lentncle Midientrally the diencephalon gives off the tnfundtbujum which furnishii 
the neural lobe o£ the hpophy,,, The momaphakn and mydncephalon are sectioned frontally 
there rs no clear demareat, on betneen the t»o Then nails bear the prominent seallopma of 

nhde the common car.ty .a the/o.rtli The nail of the entire neural tube 
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now show* 1 dilTerentialion into throe lajeis (r) an inner tpendymat hyer^ densely cellular, next 
the central canal (a) a middle mantle layer, of nenc cells nnd fibers and (3I an outer marnnal 
layer, chiefl> fibrous A thin, \ ascular layer surrounds the brain w all as the primitive pta mater 
The intenal between thft two portions of the brain contains several structures, sectioned 
transverselv Next the mctcncephalon ts the unpaired haular artery, ventrolateral to the dien 
cephaton are the paired tiitminf carehef orfrrirs Near the latter are oculomotor ntnes, in this 
embryo the trochlear nerves had not ffrown down to this level On the Je/t side « a part ol the 
ophthalmic branch of the nene Tnlmtancs. of the anleftor cardinal leins occur the 

largest in the region of the semilunar r inplia This is the stem of the middle dural plexus, while 
alongside the dicnccphalon the lalerat «««* ts cut 
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Pig 561 —Transverse section through the cerebral hemispheresand e>esof a lomm pigembrso 

X?3 


Ne^r the beginning of the hind bram are the large semt'unar ganglia front their medial 
sides nerve fibers of the lr»?emtn<if «eri« join the brain wall This ganglion situated at the 
pontine flexure of the tnetcncephalon, constitutes one of the most important landmarks of the 
embryonic head Slightly caudad he the facial nents the left is cut just as it leaves the brain 
wall Midway along each side of the hmd bram will be seen the apex of an olocyrf and mesial 
to it the endiAym ph duct on the left side the two communicate 

Section through the Cerebral Hemispheres and Eyes (Fig 561) —This level shows some 
nortant new features The dienerphalon is now continuous with the telencephalon The latter 
con^ts of a mesial region which has evaginated paired cerebral hemtpsheres their cavities the 
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lateral lentncles connect through tbc mfmentncular Jcramina wth the third lentncU of the dten 
cephalon Close to the ^cnt^-il of the dienccphilon ts n section of the cpithclnl lobe of the 
h>poph^sls {Rathkes pouch) ncir uhich are the tnlernal carotid arteries I iter'll to the dicn 
cephalon ire the optic cups sectioned ciudd to their stilks The double « ill of the optic cup 
compnses the retina the thin outer h\er is the pij.nicntcd epithelium the inner ind thicker 
coat IS the nenous Ii\er The lens is now a closed \csiclc distinct from the o\crl\inK corneal 
ectoderm 

The irreKul ir \isciihr spices ire tnbutnnesof tlie<i«/mer cardinal teins ThclirRcst spice 
IS the caternous sinus, in the \icimtj of the fifth none The upper hilf of the section contains 
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Pig 562 —Transverse section through the month tongue ind first and second pharyngeal pouches 
of 1 10 mm pig embryo X 23 


portions of the posterior dural plexus while the two smill \essels between the cerebral hemispheres 
at the bottom of the section represent the superior longitudinal sinus 

By working above and below the present level all the cranial nerves and ganglia as well 
as the central connections and penpheml courses of these nerves will be ob^er ed In Fig <;6i 
trinsverse sections of the masillary and mandibular branches o! the Irtgtm.ml time are seen 
uhile the eM„««s erne ts sectioned longitnd.mlh as it passes from the under surface of the 
hind brain toward the eves On the rostnl side of the otoevst occur the / 

of the n Saciahs and the acousUc ganglia of the n acuslicus The otocyst ,s a shar^U d 
^.thelial sac uhich lies at the junction of ,he metencephalon “ 

convenient hndmarh in idcnt.fj.nj ganglia and nerves Caudal ,o the otocjsrthe „ Jw 
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PharyTigeiis 'ind the jugular gang/ion at thciagM* wmc'irc cut transversely while the trunk d{ the 
K acctttortiis js scetjoned lengthwise as it curves fOTward IroTi the lc\ cl oi the spina) cord 

Section through the Mouth, Tongue and First and Second Pouches (fig sGj) —The end 
of the head with parts of \.\ic leUnupl ahtn and ^factory ptls, is now separate from the rest of the 
section Since the level last described, Rathke s pouch has opened into the ectodermal slowo 
deum between the jaws. t)ie present section is at the actual oral opening, bounded by the manU 
lary and «ta«dt6ular f>rocrJs<j of the^rjl ^ronefiioi flfcfies With the disappearance of the phar 
yngeal membrane the stomodeum and entodermal mouth cav it> have berome continuous The 
pharynx shows ventral portions of thcjfrjt and second pharyngtal pouches, destined to be utilwed 
as auditorj tubes and tonsillar fossai respectively Opposite the first pouch externally, is the 
first 6rancfiiof jrooie, or future external acoustic meatus A shaving has been cut from the tuber 


Spitiol cord 


/ln< cardinal cetn 
Uni jugular itin) 

N hypoglossus 
Gang nodosum n to 
Poraihyrotd j 
Phoryngtol peuth j 



Olfactory pa 


Ttp of heed- 


Ext jugular lein 


Median nasat process 


Otfaclory epitheliuM 
■Lateral najof process 


Pic 563 — ^Tran-verse section through the third pharyngeal pouches thyroid gland and olfactory 
pits of a 10 mm pig embryo X ?3 


culum impir of the tongue as it rises above the floor of the pharvnx Th<*/ociaI nenes of the 
second 6rancfitoJ arefirs ate cut across but since the previous level the trigeminal nerves have 
ended in the maxillary and mandibular processes of the first arches 

The mye'encephalon is sectioned close to jts contmuation into the spinal cord ^rorieps 
ganglion and some of the accessory nene are included Between the myelencephalon and the 
pharv nx are -ecu on each side the several rootlets of the « liypo|fo«us, the fibers of the nn tngus 
and occessonus and the petrosal ganglion of the » glossopharyngeus Mesial to the ganglia are the 
dorsal aorta, ard lateral to the \ agi are the antmor cardiRof veins In the midplane u a bit of the 
notochord, cut lengthwise The fcanJor orfery still lies beneath the myelencephalon but a short 
distance ^udad it is replaced by the paired toriedml artertoi 
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Sechon through the Third Pouches and Olfactory Pits (Fig 563) —The tip of the head is- 
no^ smill and includes on either side the open olfactory pits, hntd uith thickened epithelium 
Each pit IS bordered bj a lateral and a wedtan nasal process nhich assist in the formation of 
the nose and upper jan The first three pairs of branchial arches show the first is fused as the 
mandible and the thud is sUKhtl> sunken m the centcal stnus The dorsal wnngs of the ihtri 
phari^ngeal pouches extend tow ird the ectoderm of the third branchial gromes, attached to these 
wings are prominent paraUiyrotd pnmordia The \entral wings arc fir},e epithelial sacs that 
can be lollowed m sections caudal to this one Thev gu.e ru>e to the (ftyntws The floor of the 
pharynx is sectioned through Ihc cpifiloUis 

Ventral to the pharynx are portions of tht third aorttc arches (internal carotids) and the solid 
cords of the thyroid gland (External carotid arteries ansc at a slightly higher level close to the 
V entral ongins of the third aortic arches they can be traced for a \ anablc distance into the sub 
stance of the lower jaw ) Beneath the thyroid and in the mandible are portions of the external 
jugular letns Dorsally the section passes through the sptnal cord and the first pair of cemcal 
ganglia Between the cord and pharynx named in order, arc the anterior cardinal letns the 
hypojfossol nene and the nodose jonxlta of the tagt 1 atetal to each gangUoti is the external 
branch of the « accessorius and mesial to tht gangh » arc the snuill dorsal aortit 

Section through the Glottis and Fourth Aortic Arches (Fig 564) —At this lev cl the first three 
branchial arches ha\ e been passed and the ccphalu border of the he irt is coming into v icw The 
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Fig 564 — Transverse section through the glottis and fourth aortic arches of a 10 mm pig embryo 
X23 


illustration includes only the region of the fourth f*rowtfcio{ arches, and the fourth pair of aortic 
arches which course through them The left aortic arch will become the permanent arch of the 
aorta the nght the stem of the subclavian artery The ascending aorta connects with these aortic 
arches a httle cephalad in the senes The/t>«r//i branchial grooie opens off the cemcaf sinus It 
extends for some distance before coming in contact with the fourth pharyngeal pouch of Fig 
565 The section cuts acaoss the pharynx the glottis (entrance to the larynx) and its bordenng 
a ytenoid suelhttgs In addition to a spinal nene sections of the iag«s and hypoglossal nenes 
are encountered 

Section through the Fourth Pouches and Larynx (Fig 565) —The head has been passed 
ard the section u now dominated by the heart, lying within its fiertcordial eonty The tips of 
t^e atrta are sectioned as they project at the sides of the bulbns cordts The bulbus is dividing 
i’'*o the aortic stem and the pulmonary trunk The pulmonary trunk is cut twice its distal portion 
can be followed caudad into connection with the sixth aortic arches (Fig 566) The small section 
of the ascending aorta traces cephalad to the fourth aortic arches (Fig 564) and caudad into the 
ventricle (Fig 566) 

The crescentic pharynx is continued later id as the small fourth pharyngeal pouches Each 
gives origin to a dorsal wing (para'hyrotd), encountered a few sections cephalad in the senes and 

TOh a sac™ ar „l M, (p„„ch 5?) From th= m.dventml rrall of tha pharsnx anses 

ti, 1 ^ <•>■= arrtr ,s located between^he dotaal 

aorta and the aa/m«r eard.aol lem of each side Ventral to the antenor cacdmals (soon to be 
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Fio 565 — Transverse section through the fourth pharyngeal pouches and larynx of a 10 r 
pig embryo X 23 



PjQ 266 —Transverse section through the 


arches and bulbus cordis of a 10 nim pig 


embryo X 23 
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called the tntoraJ jusuhr veins) an small exltrnal jugular inns The left dorsal oorto is brj;er 
than the neht in anticip ition of its com cision into the permanent dcsccndins aorta of this level 
Section through the Pulmonary Arches and Bulbus Cordis (Fig 566) The heart is htllc 
changed from the last le\el Ho\\c\cr, the aorta communicates with the bulbus, i\hile the latter 
shoivs on each side the thichcned internal ndge- that tviII progressively meet and continue the 
separation ot the aortic and pulmonary trunks The stxih aoritc arches connect the dorsal aortm 
v-ith the mam pulmonary stem, already traced m the preceding section On the left side ot the 
embryo the arch is complete it represents the ductus artertosus, \shich remains patent until birth 
From these pulmonary arches small pulmonary artmes may be traced caiulad in the senes toward 
the limps The esophagus is now separate from the trachea, both are cut through their extreme 
cephalic ends Ventrolateral to the spinal cord are diffuse m\otomes, while sclerotome masses 
surround the notochord The tagns «eft« arc prominent At about this level the external jugular 
letns join the anterior cardinals 

Section through the Heart and Foramen Ovale (Fig 567) — Onlv the heart is figured, taken 
from a total section much like Fig 568 All four chambers are shown The atria are partially 
separated by thesei)!u»« pnmum, which is incomplete because of ihi. foramen oiul I, this foramen 
will remam open imtd buth Each atnum communicates with the vcntncle of the same side 



Fig 567 — ^Transa erse section through the heart of a 10 mm pig embryo X 23 


through an atrto ventricular canal Between these openings 1 the fused portion of the endocardial 
cusfions At an earlier stage these cushions were double, but they have fused midway and thus 
diiid** the originally single canal into two they will also help m the formation of the bicuspid and 
tricuspid valies The atria are marked off externally from the % cntncles by the coronary sulcus 
Between the two ventricles is the lenSrtcular septum, which is perforated by the tnlenenlncular 
foramen a little higher in the senes {cf Fig 55s B) The ventneular walls are thick and spongy , 
forming a network of muscular trabeculas surrounded by blood spacfs or sinusoids Thi^ muscular 
layer constitutes the mjfjcardiiim It is lined by an endothelial layer, the cudocarduoM while the 
entire heart is surrounded by a layer of mesothelium, the epicardium. Or visceral pencardium 
The latter sac is continuous with the parietal pencardium which lines the body wall 

Section through the Common Cardinals and Sinus Venosus (Fig 568) — ^The section is also 
marked by the large heart and the bases of the upper hmb buds Dorsal to the atna are the common 
cardinal lems The right \ein empties mlo the sinus tenosus the left crosses the midplane and 
connects mth the smus at a lower let el Just above the plane of this section the right common 
cardinal has receiv^ the right subclmav tar-larm theitmb bud, the left subclavian is still sepamte 
The sinus t enosus drains into the right atmira tbrongh a slit like opening m the dorsal and raudal 
atnal wall The openmg is guarded by the nght and left tnlKs 0 / the stnus vmosm, both of which 



572 


THE STUD\ OI PIG EMHIUOS 


body Larynx 


/F “Sp\ ~"\'"Sfnnal cord 

Spinal ganglion — ! ; - 1 5 ^ 

7* Spiral nene 

Shrinkage space- I - - /i p < V’ iK / 

R. dorsal aorla^S^^tr i 

Pharynx '’em) 

Cj:( — Pulmonary trunk 


Bulbar 




Undivided bulbiis 






Body Mil 
Pmeardtal cavity 


Fio 565 ~Traii8\er8e section through the fourth phnryngcal pouches and larynx o£ a 10 nun 
ptg embr>o X 23 
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Fig 566 —Transverse section through the pulmonary arches and bulbus cordis of a 10 mm pig 
embryo X 23 
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Pio 569 —Transverse section through the bnclnnl plexus nnd tncheal bifurcation of a 10 mm 
pigembrjo X 23 



Fm 570 — Dorsal half of a transverse section through the lungs upper limbs and sympathetic 
ganglia of a 10 mm pig embryo X 23 

esophagus are the cut taguj nerter The branching trachea continues laterally into short buds 
which represent the upper left and middle right lobes of the /wngr The upper nght bud (unpaired) 
comes off the trachea a little cephalad m the senes (cf Pig 554) the paired lower lobes are more 
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project into the atnum The septum prtmum completely div idei the two ntna nt this level, which 
IS a Jittle caudal to the tonmen ov lie and the atno \cntrtcular camJs The septum joins the 
fused endocardial cushions, ns docs the tentrtcular septum from below 

The esophagus nnd trachea nre tubular Around the epithelium of both nre condensations 
of mesenchyme from which their fibrous nnd muscular layers arc to be diffcrcntntcd. laterally 
in this mass he the vagus nerves, uolibelcd in the illustration Vcntnl to the trachea are the 
pulmonary arteries The left dorsal aorta is Htrc and is here continuing the nreh of the aorfi 
Ciudad the njjht dorsal aorta nt this Icxcl forms a fnrt of the npht subcIiMan artery Dorso- 
latcnl to the aorta: ire sympathetic ganglia The condensation of mesenchyme about the noto- 
chord foreshadows a future lertehra 

Section through the Brachial Plexus and Tracheal Bifurcation (Pig 569) — Distmctne 
features are the presence of upper Itmb buds nnd tlic tner, nnd the bifurcation of the trachea into 
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Pig 568 — Transverse section through the common cardmals and sinus venosus of a 10 n 
embryo X 23 
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primary bronchi The seventh pair of cervical spinal nenes is cut lengthwise in diagrammatic 
fashion The spindle shape d ganglion is assocuted with the dorsal root w hose fibers grow out from 
Its cells the fibers of the icntral root anse from the middle cellular layer of the cord and join the 
dorsal root m the common nene trunk On the nght side a short dorsal ramus supplies the dorsal 
muscle mass close by the ganglion The much larger tentral ramus unites with similar rami of 
several other nerves to forrn the brachial plexus a part of which is seen 

The descending aorta shows its manner of ongm from paired vessels From the seventh pair 
of mtersegmenlal artenes which arise dorsally from it the subclavian arteries are given ofl two 
sectioni caudad m the senes Traced cephalad these seventh mtersegmentals become contmuous 
with the urtehral arteries The latter he mesial to the stem portions of the spinal nerves In some 
embrvos they are imperfectly developed at this stage Lateral to the aorta are the posterior 
cardinal veins easily traced to the coromoo cardinals of the previous figure Adjacent to the 
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dropping to a lateral position on the embryo’s left and the primitive ventral margin is rising to 
a corresponding level on the right These margins are to be the greater and lesser cunatiires 
respectively The stomach is attached dorsallj b> the greater omentum ventrally the lesser omen 
turn passes to theljv er This v entral mesentery splits into halv es and is continued as a peritoneal 
reflection around the liver tin* component layers then come together igain as the falciform 
ligament, attaching the midv entral border of the Uver to the body wall Both the body wall and 
the abdominal v iscera arc thus seen to be ••urfaccd with a continuous sheet of mesothclium under 
laid by mesenchyme this serous investment is the peritoneum, in which a panetal and a visceral 
division IS recognized 

The liver show s paired dorsal and \ entral lobes The right dorsal lobe is fused dorsafly to 
the greater omentum This connection forms the tatal mesentery in which course^ the inferior 
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Tig 572 Transverse section through the omental bursa and gall bladder of a 10 mm pig embryo 
X 23 


icna caia Between the attachments of the stomach and liver and to the nght of the stomach 
IS the omental bursa Midventrally m the liver is the ductus tenosus sectioned ]ust at the point 
where it receives the left iimhihcal i«n and a branch from the portal tetn The liver tissue is a 
complicated network of trabecula; and sinusoids the component liter cords ire composed of 
liv er cells surrounded by the endothelium of the anusoids red blood cells are develoninf' here 
at this stage 

The mesonephroi are becemmg prominent organs Along their \ entral margins course the mes 
onepiric Jiiels each shops a connection latetallj nrth the terminal segment of a coUedlng tubule 

miU Soueh^r® "'“It 

mgb through the p> lone end of the stonmh then nuts the common btle duct and iinalK passes 
lengthnise through the soil bladder superficially emhedded in the substance of the liter Within 
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cnudad (Tig 570) Crescentic pietiral mtius bound th« bulging pulmonnry tissue laterally On 
the embrjo’s left this cavit) is separated from the pentoneaf cavity by the septum trannersum 
and here the panetat and visccr iS pleura assume typical relations Ventral to the bronchi are 
sections of the pulmonary tetas, \\hich can be tneed into the left atnum nt a slightly higher level 
The hver upith its close network o! trabccukc and sinusoids ts large and nearly fills the pertioneal 
eainSy The prominent %an within the liver is tKat portion of the tn/ertor tena eaia that is in 
reality the common hepatic lein fstem of the pnmitne right vitelline) } 

Section through the Lungs, Upper Limbs and Sympathetic Ganglia (Fig 570) — The Imb 
btuis are cctodemnl sacs stuffed with dense undifTcrcnliated mesenchyme At their tips the 
ectoderm is chanctensticiJ/y ffticJiCncd some think this ts bomoloEOas with the fin fold of fishes 
Flanking the now circuhr destendm^ aorta ore the irinnt ends of the mesonephroi, while above 
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Pjq gyj — Transverse section through the stomach and liver of a 10 mm pigembryo X 23 


the aorta is a pair of sympal/ielte ganglia the sympathetic rami connecting with the sptnaf nerve 
trunks do not appear but can be seen in neighboring sections like the one shown m Fig 572 
The esophagus is just beginning to dilate into the slomaek and at this level the omental bursa 
appears as a crescentic sht to the nghtand below it Thei»»gi are sectioned through their caudal 
ends (*« lower lobes) Both ptrural cattfiw sbU <»mtn«nicate freely with the pentoneal cavity 
In the right dorsal lobe of the Uver is located more the intrahepatic portion ofthein/eriorrewa 
coin this particular segment is organititig from enJaiKCd hepatic sinusoids Near the midplanc 
IS the large ductus lenosus which traces into wmem with the vena cava a short distance cephalad 
The posterior cardinal icins are coming into mtimate relation with the dorsal surfaces of the 

through the Stomach and Ltvet (Fig 571) — It la the stomach and lobate lner that 
feature this level The stomach has rotated partiaHv so that its ongiiul dorsal margin is now 
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dropping to a lateral position on the embrjo’s left and the primitive ventral margin is rising to 
a corresponding level on the right These margins are to be the greaUr and JfSSfr amalures 
lespecuveU The stomach is ittached dorsall> b> the grtaUr omentum ventnilj the lesser omen 
turn passes to the liv er This v entral mescnterj splits into halv es and is continued as i peritoneal 
reflection around the hver the component Kjers then come together again as the falctform 
ligament attaching the midv entral border of the liver to the bod> wall Both the bod> wall and 
the abdominal v iscera are thus seen to be surfaced with a continuous sheet of mesotheUum under- 
laid b> me:ench3 me this serous mv estment is the pentoneum, in which a parietal and a v iscera! 
division IS recognized 

The liver ^hows paired dorsal and ventral lobes The right dorsal lobe is fused dorsally to 
the greater omentum This connection forms, the catal mesentery in which courses the tnfertor 
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Big 572 —“Transverse section through the omental bursa and gall bladder of tiomm pig embryo 
X 23 


tena cata Between the attachments of the stomach and liver, and to the nght of the stomach 
lb the omental bursa Ivlidventrallj m the liver is the ductus tenosus sectioned ]ust at the point 
where it receives the left nmbthcal tetn and a branch from the portal letn The hver tissue is a 
<omp\icated network of trabeculic and sinusoids the component liter cords are composed of 
liv er cells surrounded by the endothelium of the sinusoids red blood cells are developing here 
at this stage 

The mesonephroi are becoming prominent organs Along their v entral margins course the nies 
onepkrtc ducts each shows a connection laterally with the terminal segment of a collecting tubule 
Section through the Omental Bursa and Gall Bladder (Fig 572) — The section passes slant 
ingl> through the pilonc end of the stomach then cuts the common bile duct, and finalH passes 
engthwise through the gall WatWer superficially embedded in the substance of the liter Within 
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the dlst^ncc of a few sections it is easy to demonslnte the continuity of these p-irts The grealer 
omentum of the stomnch is lirger nnd more fojtlwj thin in the previous liiustration, ind the 
omenfat bursa is corrcsixmdmBf> expansive Traced caudnd a short distance it opens into the 



Fig 573 — Transverse section through the mesonephroi pancreas and intestinal loop of a lo 
mm pig einbiyo X 23 


peritoneal cavity through the eptplotc foramen (of YVinsIow) Between stomach and duodenum 
13 a caudal portion of the lesser menium The blood supply of the stomach pancreas region comes 
from the caltac artery seen emerging as a vcnttnl Iwanch of the aorta 
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The liver his nearly been left behind ind its dorsal and % entnl sets of lobes ire now sepiritc 
Associated v,ith the liver are several \cins Dors illy is the inferior lena caia about to leave 
the liver nithm i lip hl>-c fold, the caial tnesenlery Also in the riRht upper lobe is the forfal tein 
Ventrally in the body u iH are the umbilical tetns the left entering the left ventnl lobe of the liv er 
on Its niy to the ductus v tnosus On dch dorsolitcnl surf ice of the trunh is i thickened ecto- 
dermal ndgo poorly shown m Tik 572, which represents the mammary ridge At the same hor- 
izontal level a sympathetic ramus pas cs from the left nerve trunk to a jym/xilfirlic ganglion The 
bottom oi the figure includes a little of the insertion of the jinibilicnf cord on the abdominal wall 
Section through the Mesonephroi, Pancreas and Intestinal Loop (Fig 573) — The bulging 
mesonephroi are conspicuous Mesonephric corpuscles, with vascular glomeruli indenting them 
are medial in position, the glomeruli receive mesonephric arteries arising as lateral branches from 
the aorta The mesonephric tubules are contorted and variously sectioned they are lined with a 
cuboidal epithelium and emptv into the mesonephric duct coursing along the ventral margin of the 
gland A reconstruction of a complete tubule is shown in Fig 239 C On tlie mesial surface 
of each mesonephros the epithelium is thickened from these genital ridges the sct glands will 
differentiate The pasUrtor cardinal setns he on the dorsal surfaces of the mesonephroi and the 
transient lentral letns of the mesonephroi course along the ventral borders The inferior tena 
cata IS a vertical slit m the caval mesentery Traced caudad a short distance it join*' the nght 
subcardinal vein which continues this important venous channel down the trunk The sub 
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Fig 575 — ^Transverse section through the 
subdividing cloaca of a 10 mm pig embryo 
X23 


cardinal letns are prominent \ essels seen well at a slightly lower lev el on the ventromesial surfaces 
of the mesonephroi There they interconnect by a large an istomosis fc/ Fig 557) 

The duodenum hes wathm its dorsal mesentery imesoduodenum) The duct of the lobulated 
dorsal pancreas is shown ansmg directly from the duodenal wall Tvlore to the nght is a sec tion 
of the tenfral pancreas which traces cephalad to its ongin from the stem of the common bile duct 
On each side of the dorsal pancreas are portions of the mtelline letns, the nght 'll this level being 
a part of the portal vein A few sections caudad this vessel can be followed across a transverse 
anastomosis to the left vitelline v etn where the superior mesenteric inn from the mesentery at 
taches Beyond the duodenum the vitelline vems have fused into a common vessel, cut lengthw ise 
in the present section, jt can be followed to the yolk sac where the nght and left components 
a{ am separate (c/ Fig 556) 

The ventral body wall is continuous with the umbilical cord This contains an extension of 
the embrvonic ccelom ard a portion of the tnfesltnal loop within its mesentery Between the two 
intestinal limbs art the superior mesenteric artery and vein The former is a ventral branch of 
the aorta the Utter joins the portal vein The allanlots is flanked by umbilical arteries while 
i«ns are cot in the cord and again as they enter the body wall The tip of the recurved 
tail shows as a separate section 

Section ttronel. the Cloacal Membrane (F.e 574) -To mamtam the proper relations mlh 
sKtions alteads studied tos and succeeding sections through the curved caudal reran are 

shonn dorsal side doan The caudal end of the embryo is small Us laggard dillerentiSion m 
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compnnson to higher levels is reflected m the less spca'ilizeil sptrtal cord and soimles The slender 
iatl gut is cut across Between the notochord lod tul gut is the continuation of the aorta known 
here as the caudal artery On each side of the latter lies the termination of a posterior cardinal 
tetn The ventral half of the section is fciturcd by in epithelial plate that represents the solid 
cloacal membrane Since the plane of section largely parallels the surface ectoderm the fusion 
of ectoderm with entoderm in the plate is shown only at one end 

Section through the Subdividing Cloaca (Fig 575) — Tracing a short distance down the 
senes from the previous level, the tail gut joins the cloaca and the latter gains a cavaty Still 
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Fig 576 — Tratisv erse >.« tion through the allantois urogenital sinus and rectum of a to mm pig 
embryo X 23 


farther, at the present level, the cloaca is separating into a dorsal rectum and a ventral urogemlal 
stnus <It should be understood that the recurvation of the tail end of the embryo makes caudal 
progress in the sectioned senes actually ccphalad on this part of the cmbr>o cf Fig 550 ) 

Section through the Allantois, Urogenital Sinus and Rectum (Fig 576) -^nly part of the 
whole section IS shown It is but a few sections ccphalad of Fig 577 and resembles it closely 
In the ventral body wall is seen the allantoic stalk, accompanied by the umbtltcal arimes More 
dorsad are the crescentic urogenital stnus and the rectum now separate The caudalmost portion 
of the ccelom tapers to an end between the two 



Fig 577 — Transverse section through the stems of the mesonephne ducts and allantois of a 10 
mm pig embryo X 23 


Section through the Stems of the Mesonephne Ducts and Allantois (Fig 577) — This illus 
tration and the three that follow include only the caudal, recurv ed part of the embryo In the 
present section the colon is contained within a pmtion of the mesentery that is specifically named 
the mesocolon In the body wall are tnbutanes of the umbilical letns and mesial to them are 
the umbilical arlertes both are about to enter the umbilical cord The allantoic stalk is sectioned 
as it opens into the urogemlal sinus D(»sal to the sinus is a section of the rectum separated from 
the sinus by a crescentic prolongation of the adorn The horns of the urogenital sinus receive 

the mesonephne duels ' 
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Secuon through the Lower Limh Buds and Ureterrt Stems (Fig 578) —The section cuts 
through the middle of both ioarr hmb biidi Like the upper set olteedj studied thcj eonsist of 
sacs of undifTerentntcd mesench>mc Mesial to the limb buds arc the umMica! arients iihich 
m turn lie lateral to the vtesoniphnc dulls Tht Icit mesonephric duct is cut at just the iiropcr 
plane to show the iire/er, or duct of the metanephros, being giien off dor.allv The right ureter 
appears as a separate tube since it is sectioned transversely 
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Fig 578— TTansNC?s<i sccUon tlvravVvU itic lo\scr Utnb bud^. 
and urptenc stems of a lo mm piji. cmbr>o X 23 


Tie 579 — TTansterw section 
throiiRh tlic right mesonephne 
duct ind ureter of i 10 mm pjg 
cmbr\ 0 X 23 


Section through the Mesonephric Ducts and Ureters (Tiu 579) — Conimuing down the 
senes the ureters can be traced for some distnnee The present illu'-iralion is a sin ill part of n 
section close to Fig 578 In it the nghl ureter is seen Also the nght mesonephrtc duct is cut 
lengthwise IfrontalU) asit Ic is<s the mesonephros on itswaj to connect with the urogenital sinus 
Section through the Metanephroi (Fig 580) —The ureter* irc found to terminate in the 
meianepkrot, figured here Each of these kidney primordn consists of two pjrts Intefnall> 



Fig 580 — Transverse section through the metaneph-oi of "i 10 mro pig embryo 


X23 


there i a dilated exparioion of the ureter that represents the renil pelvis from it the cahees and 
the 5> tern of collecting tubules will bud and grow The periphery of the double pnmordium is 
a mass of condensed mesenchyme denvtd from nearby nephrotomes this tissue will differentiate 
into the secretory tubules of the kidney 

Seeh™ through the Curved Back (Fig 581) —Due to the lumbar curvature this section 1, 
actually frontal The spine; rerd is cat lengthwise Itisflanked byspinot eteeptraidway 
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on left side where a slightly deeper plane tncludca several ipxnal nerves The wmites shoiv 
spindle sh ipcd myotomes nnd more httnlly loeat«l ‘dermatomes ' The mcdnl tide of each 
somite IS a sclerotome, this shows subdivision into a caudal denser and a cnnial lets den e half 



Fto 581 ~Tr'iosverse section throush the curved back of a jo mm. embryo X S3 

Recombination of the dense half of one somite with the sparser half of the somite ne.at caudad 
will produce a definitive rw<r&f« {ef Pig 338) /n/mejHirnfaf orteriej appc*ir between some of 
the somites on the left side 

(C) THE ANATOMY OF AN EIGHTEEN MM PIG EMBRYO 

Most of the important organs arc laid down in 10 mm embryos Older 
stages are chiefly instructive, therefore, to demonstrate the growth and differ- 
entiation of parts already present, rather than the introduction of new ones 
Dissections show perfectly the form and relations of organs, their relative rates 
of growth and changes of position Since the illustrations indicate better than 
de'cnptions the several structures and their states of development, only certain 
selected features will be mentioned 

External Form — The neck and back are much straighter than before, but 
thf ventral body is still highly convex The head is relatively larger the umbilical 
cord smaller The sense organs are promment and the face, with snout and 
laws IS plain The branchial grooves and cervical sinus have disappeared from 
the neck The limbs show indications of proximal and distal divisions, and the 
hand and foot are paddle-like Several mammary gland pnmordia occur along 
the mammary ndges now located more ventrally The genital tubercle has 
become a distinct phallus 
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T atpral Dissechon (Fig 582) —The cerebral hemispheres are larger and the 
cerebellum is appealing Beneath the cerebellum is the prominent Ponl'nij 
of the brain pointing \entrad Nertes and ganglia show clearly, the brachial 
and lumbo-sacral plexuses, opposite the limbs, are noteiiorthy The beer and 
lungs are relati\el> larger and more plainly lobed than before the heart and 
mesonephroi are smaller 
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Fig 582 — Lateral dissection o£ an 18 mm pig embrjo Mened from the nght side X 8 


Midsagittal Dissection (Fig 583) — ^Thc corpus stnatum has de\ eloped in the 
floor of the cerebral hemisphere, a chonoid pk\us in\ ades the fourth \ entncle 
and th( neural (posterior) lobe of the hypophjsis is growing into association tvith 
the detached Rathke’s pouch Sclerotomic pnmordia of \ertebrie condense about 
the notochord The viscera sho\s only quantitatue changes from the 10 mm 
stage but the urogemtal sinus and rectum are nots separate, as are the aorta and 
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These organs have advanced rapidly since the lo mm stage They are now defi- 
nitely established and localized as recognizable gonads Each Mullenan duct 
opens cranvally by a funnel shaped ostium, the duct proper is growing caudad as 
a blind tube 


p) THE ANATOMY OF A TKIRTY-nVE MM PIG EMBRYO 
External Form — The embryo is slraightcr, slenderer and its \ entral surface 
less protuberant The head, with its prominent snout, is shaping like that of a 
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toner mamma!, and the neck becomes distinct Digits have appeared on the 
elongate extremities The umbilical cord and tail are losing rapidly in relative size 
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Lateral Dissection (Fig 586) —The spinal cord and brain are relatu cly 
smaller but the latter is becoming highly specialized and folded The cerebral 
hemispheres are large, and olfactory lobes extend foraard from the rhinencophalon 
The body of the embryo elongates faster than the spinal cord, so that the spinal 
nerves, at first directed at nght angles, course obliquely m the lumbo-sacral 
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Fig 587 Median dissection o{ a 35 pig embryo after removal of the nght half X 4 

region Note espeeidlly how the \iscera have receded caudad (cf Figs 545 and 
549), and how the hver dcminates the abdomen as the mesonephros loses 
prominence The kidney is exceptional in that it shifts cephalad 
1 u Section (Fig 587) — New features of the bram are the olfactory 

lobes the chonoid plexus of the third and lateral ventricles, the thalami the epioh- 
> SIS and the consolidated hypophysis The pnmitive mouth cavity is now divided 
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Abduccns nene 467 
pig 556 

Aberrant ductules of cpididv 
mis, 294 

Abnormal development, 172 
AbotUon, 1 39 
Acardius 171 
Acetabulum 388 
Achondroplastic midgets 14 
Acinus of mammarv gUnd, 410 
of pancreas 232 
of saliv arv gl indo 199 
Acoustic ganglion 465 
meatus chick, 549 
external 211 504 
pig. 5S4. 559 
nerv e, 464 

pig. 55^ , ^ 

Acrania 176 385,386,456 
Acrocephalj , 386 
Acfosome 34 35 
Addition in expentncntai cm 
bryology, 156 ' 

Adipose glands, 364 1 

tissue 364 

Afferent nerve fibers 458 
neurons, 417 
Afterbirth 138 
Age of human embrvos, deter 
mining 113 
norms, 115 
Agenesis 173 
Agger nasi 485 
Aggregation cell, 15 
Agnathus i8j 182 
Ala magna 381 
parva 381 

Alar plate 423 450. 436, 439. 

442 443 444 447 
Albinism 402 

Allantoic artenes chick 548 
sac 79 
stalk 79 
veins chick 548 
ves-els, 111 
Allantois 77 
birds 79 

chick 334 347 548 
mammals, 82 

general summar> , 88 
man 93 110 140 
anomalies n 1 
pig Sat 561 
reptiles 79 
Alleles 52 
Alveoli of jaw 196 
of lungs, 239 


Amastia 411 
Amcloblastx 194 
Amclu'- 185 186 
Amitosis 6 
Amnion 35 77, 64 
birds, 78 

chick 532, 3i7. 548 
mammals 81 

general summ ir> , 88 
man 91, 108 140 
anomdies 109 
nonplaccntal, 138 
P‘E. 3at 
reptiles 78 
Amniota 55 
Amniotic bands, 109 
fluid 109 

Amorphous fetus, 106 
Amphibians 55 
cleavage m 58 
cnrlv development compircd 
with other vertebrates. 74 
gastnil ition in, 63 
mesoderm formation in 66 67 
Amphioxus 55 57, 64 
clcavaf c in 38 
early development compared 
With other vertebrates 74 
pasirulation in 64 
me x»dcrm formation in 64 
Ampulla of ductus deferens 29J 
of Semicircular canal 499 
Amputation, intra uterine, 18C 
Amvelus 429 
Anal c inal, 224, 280 
sphincter 397 
Anamniota 55 
Anastomosis poslcostal 340 
Anatomical relation terms de 
scnbing 19 

Ancestral repetitions 18 
reversions 19 
Androgen 151 

Androgenic zone of suprarenal 
I gland 476 
[ Androsterone, 151 
Anencepbaly 436 
.Anpioblast 310 
Angiogenesis 310 
Animal pole of ovum, 31 156 
Anlagt 15 

Annulus of Spermato/oon 35 
Anodontia, 199 
Anomalies 172 173 
acquired, 173 
classihcation 173 
I congenital 173 
I m external b«ly form 175 
I 177, 181 184 185 
589 


'Anomabes m gromth, 13 
of fetuses, 106 107 
oi human embr>os, 106 
Anonj chia, ,^04 
Anophthalmia, 496 
Ano\ulator> c>c(cs, 145 
Anterior commissure, 434 
lobe of h> poph> SIS 205 
I pituitary like hormone 150 
Anthroixutfs 36 
' Antrum of Graafian follicle 24 
Anus imperforate 225, 263 
Aorta ascending, 331 

chick 317,524 523 535.548 
descending, 317 335 
dorsal, 317, 335 
branches 339 
dorsal 339 
lateral 342 
I ventral 342 
ongin 330 
piR. 562. 563 

ventral 317, 335 
Aortic arches, 317 320,336,337 
cluck, 324, 535 S4b 
P>R. 563 

transformation of, 336 
chromaffin bodies, 474 
sac 336 
Aphakia 496 
Apical bronchus 237 
Apoenne glands 409 
Append iges of body, anoma 
hex, 186 

development 184 
Appendicular skeleton, 386 
Appendix of epididj mis, 204 
of testis 297 
vesicular, 294 
AprosopuB 181 
Aqueduct cerebral, 432 442 
pi? 356 
Arch or Arches 

aortic 317 320, 3^6, 337 
chick, 324 533 548 
pig 563 

transformation of 336 
branchial, 103 176 

chick, 535 S47 

derivatives 206 383 
P’^. 554 
palatine 203 
pulmonary 338 
vertebral, 373 

Archenteron amphibian, 65 
Arthipalliura 446, 450 
Area dermatomic 402 
opaca chick, 513 
parolfactory, 450 
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Areipellucjd'i chick, 
stmacc jncrci^cin lo 
tnangular, iSo 
'v'lscwlosa, 3U 
cluck, 5*1 

Areola nninm-c 410 
ghnds (of Montgomerj ),43io, 
4** , 

t«SUC ^04 

Arms nnom-vlics 185, i86 
artcnes 343 
bones, 386 
de>riopmont 18+ 
muscles, 397 
vcms 353 

Arrcctor pih muscle 405 
Arrest of development, 173 
Artenolcs spiral of endo 
metnum 145 
Artery or Artenes 335 
allrntoic, chsck 548 
nnomahes 345 
axial 344 
basilar, 340 
brachial 344 
carotid 337 
central 494 
cccliTC 320 342 
development 316 335 
cpi?astnc 341 
femoral 344 
eluteal mfenor 344 
h>a]ofd 494 
hypogastne 34a 
iliic 344 344 
innomin ite 337 
mtercastfl! 341 
mterosscus 344 
interscgmcnta} 120 739 


Jumljar 34J 

mammary internal 341 
median 344 

mesenlmc infenor 320 34: 

superior 330 345 
of extremities 343 
ovarian 34a 
peroneal 344 
phrenic wifcnor 342 

a litcal 344 

•nonary 330 338 
mdial 344 
renal 342 
sacral middle 335 
sciatic 344 

spermatic internal 342 
spinal 340 
subclavian 337 34* 
suprarenal 342 
tibisl 344 
ulnar 344 
umbilical 317* 342 
vertebral 340 
vitellme, 317 
chick 535 532, S35 S4® 
Articular disc 37* 
Articulations 37O 


Artifiaal pirthcnoRwiesw, 157 
Arvtenoid cartdxgc, 385 
loid S5<) 

Bncilmg 336 

Ascans, chromosoincs of, *3 
Rcnn trick 21 
Ascending aorta, 331 
colon 224 
mesocolon, 45 » 

Astomus iSt 
Astrocytes 414, 4J0 
Atavism 173 
Atavistic characters U) 

Aths 375 
Atresn 23 
Atretic follicles 40 
Atrial septum, 327, 329 
Atnehn 407 

Atrio \cntficular bundle (of 
fhs), 312 
canal 32C>, 333 
P‘s:. 562 
valves 332 

Atnumof heart 323 325 326 
chick, 524. 535 548 
p»e 55a 

Auditory ossicles 504 
pits 497 
chick 523 
placode* 497 
chick 522 
tube 211,503 
PJfT 559 
vesicle 498 
Auncle of car, 505 

atiomahcs 506 

554 „ 

of heart 328 329 
Axial trttry 344 
filament of spermatoioOn 35 
36 

skeleton 372 
anomahes 38A 
Axiation of ovum 156 
Axillaiy nrrve 462 
vein 355 

Axis (epistropheus) 375 
Axis cylinder 416 
Axon 416 
Azygos vein 351 


Babv blue 335 345 
Back muscles of 396 
Backbone primitive 97 
Bag of water* 137 
Bands amniottc tog 
Bars stemal 377 
Bartholin s di^ sol 
glands 283 
Basal cells 400 
decidua i2S laS, 140 
ectoderm 133 
fay er of endometnum XtB 
plate 133 378 423 429 436 
439 

BasUor artery 340 
pig 564 


Bavdar membrane, 502 
Bisihc vein 35S 
Basophils, 314 If 5 
Bat ovum fcrtihzition of 49 
Bed epithelial of hair, 405 
mil 403 

Dcrtin s columns, 274 
Bicuspid valve 333 
Bile capjJhncs, ssS 
ducts 228 
anomalies 230 

„ f'S 51” , 

Bipotcntiality of gomd, 292 
Birds 55 59 68 
cleavage in 59 
early development compared 
with Other vertebrates, 74 
fetal membranes 78 
gavlnilnion m, 68 
mes^erm formation tn yf 
Birth 136 

changes in ctrcolatwn at, 355 
157 

m lungs nt 342 
multiple jG?, 170 
prcmatvirc 139 
time for 1x3 
virgin ±7 
Birth marka 402 
Bladder unnar) 189 279 280 
anomalies 283 
tngoneof a Bo 
Blastocccic 36 
amphibian 59 
Amphioxus 58 
bird 60 

Blastocyst, 6 j 71 74 S* 
implantation of ttS 
tnnsport of, to uterus, JI7 
Blastoderm 59 72 
chick 70 508 
extra embryonic. 78 
Blasiodermic vesicle fit 
Blastomercs 56 

chick 509 

during deal age 56 
Blastopore, amphibian 65 
Amphioxus ^ 

Blastula 55 56 

amphibian 59 63 66 
Amphioxus 58 63 
birds 59 63 
chick 508 

compared in different ver 
teorates 63 74 
mammals 60 63 
reptife 61 

Bleeding menstrua! 14S 
Blood cells 311 
ichthyoid 313 
origin 310 3” 
red differentiation 01, 313 
sauroid 313 

white cftffereijtMtwm of 
314 315 , 
coiT>oscIes red, 315 
formation 3*1,313 
theories of 312 
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Blood frnnuloc>tes difTcrcntia 
tionof 315 
histogcntsis, 310 
islands 310 
chick, 513 

non granular lcucoc\tes, dii 
ferentiation of 315 
platelets, 315 316 
\esseU 335, 34S Sec also 
Artery and \ etn 
anomalies, 34 "j, 355 
chick, 516 523 535. 548 
development, 316 
growth of, 10 
intraocular 493 
ongin, 10 103, 310, 311 

piK 563 564 

primitive 316 
Bluebabv 335 345 
Bod>, appendages of anoma 
lies, 186 

development, 184 
carotid, 474 

cavernous of penis 303 
of urethra, 305 
caMt) 98, 254 
chick 516 
chromaffin 473 
aortic, 474 
ciliaij 489, 495 
coccjscal 341 
folds, chick 536 
form establishment of, 105 
*75 , 

external, anomalies 173 
177, 181 184 185 
geniculate 445 
growth, caudal diagram ol 
99 

mammillarj , 446 
of spermatozoon, 35 
penneal, 280 
pineal 444 
pituiiarv 147,204 
plan primitive, 97 
polar 2 b 31 
restiform 437 
segmentation 97 
stalk 82 93 

ultimobranchial 211,214 
pig 560 
vertebral 373 
vitreous 404 
Wolffian 268 
vellow 42 
Zuckerkandl s, 474 
Bone or Bones abi; 
atlas. 375 
a-'is 375 
cincellous 369 
carpus 387 
cartilage 365, 367 
cells 366 
clavicle 386 
compact 369 
coxal, 388 
destrojers 367 
diploe 367 


Bone or Bones 

t ir. 504 

endochondral 367 
cptphj scs, 370 
epistropheus 375 
ethmoid 381 
femur 388 
fibula 3H8 
formers 366 
frontal 383 
growth, 3G9 
hip 387 

histogenesis 365 
humerus 387 
hvoid 383 
ilium 3SS 
incus 504 
ischium 388 
lacnmil 3K3 
1 icunar 386 
lamcllx 3<’»7 
malleus 304 
mandible 384 
m trrow nd, 367 
V cllow 3fx) 
mastoid 3H3 
maxillarv 384 
membrmt tf'S 
of skull 383 
mctacarpals 387 
metatarsus 388 
morpho,^cnesis 371 
nasal 383 4N3 41^4 
number of 372 
ociipitil 381 
ossicles 304 
palate 384 
p metal 383 
patella 388 
petrous 383 
ph ilanges 388 
pubtc 388 
radius 387 
replacement 367 
nbs, 376 
scapula 386 
sesamoid 371 
skull 378 
sphenoid 381 
squamous 383 
stapes 504 
sternum 377 
substitution 367 
supr istemal 378 
tables 367 
tarsus 388 
temporal 383 
tibia 388 
t>mpanic, 383 
ulna 387 
V ertebr® 373 
vomer 383 
Wormian 383 
zvgomatic 3^3 
Bonj labjnnth 503 
Border vein 354 355 
zone 123 

Botallosduct 338 358 


Bowmans capsule, 269, 271, 

275 

Brachial arten , 344 
plexus 462 
P»R. 557 

Brachium pontis., 44° 
Brachjdartvlv 1S6 
Brain 429 
anomalies 456 
cavities 432 
chick 322, 533. 547 
commissures, 453 
convolutions, 431 
dienccphalon, 431 443 
fissurts 451 452 
flexures 433 

K>n, 45t 

isthmus, 432 
lobes 431 

mcfecnccph lion, 431, 432 442 
metenceph lion 432 439 
mjelcncephalon 432,434 
mvciination of, 455 
origin 97, 103 
P»S. 555 , , 
prosencephalon, 431 
rhombencephalon 43>. 437 
subdivisions, 430, 431 
sulci 431 453. 453 ^ 

telencephalon 431 446 
ventritics 432 444 451 
vesicles primarj 423,431 
Branchial arches 103 176 
chick, 533 547 
derivatives 200 383 
pij. 554 
elefis 176 

anomalies, 177 
chick 535, 547 548 
c>sts 177 
fistula: 177 179 
grooves 176 210 
chick 533 535 
pip 554 
pouches 209 
region derivatives 178 
Branchiomensm, 398 
Breast See \fammary glands 
Broad ligaments of uterus 299 
Bronchus apical, 237 
buds 237 

branching of 237-240 
cardiac 238 
epartenal 237 
pig. 5^0 

Brunner s glands, 225 
Buccal gland 201 
Bud bronchial 237 
end, 99 
limb 103 184 
chick 547 
tail chick, 532 
formation, 99 
taste, 209, 479 

uretenc, differentiation of, 
272 

Bulb hiir 405 
oIfactor> , 449 
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Bulbar septum 330 
swellings, 331, 332 
Bulbo urethral glands, 282 
Bulbo ventncular fold, 330 
Bulbus cordis, 323, 330 331 
chick, 324, 535 
p>g. Sf’S 

Bundle ntno ventricular (of 
His). 332 

ground of spinal cord, 426 
Bursa infracardiac, 246 
joint, 371 
omental 245, 561 
secondary fusions 249 
pharyngeal, 216 


C/ECUM, 220, 224 

pig 361 

Calcarine fissure, 452 
Calcified fetus to6 107 
Calyces renal, 273 
Canal anal 224 280 
atno ventncular, 326 332 
P>g 562 
central, 424 
gastnc, 220 
hair 405 
hyaloid 494 
incisive 203 
inguinal, 299 
ncurentenc. 94 
notochordal, 93 
pleural 255 
pie, s6i 
Schlemm s 495 
Stenson s 203 
Cancellous bone 369 
Cap antenor of spermatozoon 
34 

postnuclear of spermato 
zoon, 34 35 
Capillaries fade 228 
Capsular decidua 125, 126 
127 138 140 

Capsule Bowman s 269 271 

275 

cells of ganglia 420 
internal 449 
joint, 371 
lens 493 
of kidney 274 
of liver 253 
of l>mph gland 359 
of salivary gland 200 
of spleen 360 
Cardiac See also Heart 
bronchus 238 
muscle 390 392 
Cardinal vems 345. 349 
chick, 525 535 54° 
common, 260 319 345 
pig 564. 565 
Carotid artenes 337 
pig 563 
body, 474 
Carpus 387 


Cnrtil igc or Cartilages 365 
arytenoid, 385 
bone, 3<»s 

development of, 367 
comiculate, 385 
cnoQid, 385 
cuneiform, 385 
clastic, 365 
fibrous, 365 
growth of, 365 
hyaline, 363 
laryngeal 237 
Meckel’s, 3H4 504 
narachord d, 378 
Reichert’s 384 504 
thyroid 385 
trabecular 378 
Canincula 496 
Cauda equina, 428 
Caudal nrterv, pig, <564 
growth of iMxly, <iiagram 99 
migration of septum trans 
\ersum, 238 260,338 
Caudate lobe of liver, 230 
nucleus 449 
Caul 109 

Caval mesentery, 248 233 
vein of, 353 
tributaries, 353 
Cavernous b^y of penis 305 
of urethra 303 
sinus, 349 
urethra, 281, 304 
Cavitv b^y 98 254 
chick siO 
brain 432 
cleavage 56 
head 397 398 
joint, 371 
marrow 367 
pencardial 255 
pentoneal, 256 
pleural 241 260 
tympanic 21 1 503 


aggregation 15 
astroevte 420 
basal 400 
blood 31 1 
bone 366 

capsule, of ganglia, 420 
cartilage 365 
chromaffin 473 
cone of retina 490 
connective tissue 363 
decidual 126 
difTerentiation 14 13 
division 16 
enamel 192 
ependvmal 414 419 
ethmoidal 381, 485 
fat 364 
follicle 23 25 
ganglion 417 
germ 21 

female 21 29 
male 32 


Cell or Cells 

germ, pnmordnl, 21, 285 
growth; 7 
localized IS 
hair, of spiral organ, 501 
Ilofbauer, 131 
indifTertnt of testis 288 
intcrstitnl, of testis, 290 
lineage 139 , 

mass, folding of, 15 
inner, 61 go 

intermediate, chick, 515, 
326 

splitting of, 15 

mast, 316 
mastoid, 383, 503 
mesodermal, formation m 

embryo, 91 

primitive, derivatives of, 
3»4 

mesoglua, 420 
microglia, 420 
migration 15 
mitral 463 
Muller s 490 
multiplication, 16 
nerve, 414 
neuron doctrine, 421 
neuroglia, 414 419 
olfactory 463 
ohgodendrogiia, 420 
pncklc 400 
proliferation 6 
period of 22 
reticuIo>endothelial, 316 
rod of retina 4Q0 
Sertoli s, 32 288 
sex. 21 

diiTerentiation of 22 
discharge and union of 40 
growth of period of, 22 
male, 32 

maturation of, 22 
origin of, 21 
sheath of ganglia 421 
sperm 35 

supporting of retina 490 
of spinal ganglia 417 
of spiral organ 501 
of taste buds 479 480 
sustentacular (of Sertoli), 32, 
288 

taste 479 
Cementoblasts 195 
Cementum, 191 195 
Centers ossification, 369 370 
Central artery 494 
canal 424 
fissure 452 
lymph sinus 339 
nervous s> stem 413 
chick 522 533 547 
growth of, 10 
morphogenesis 422 
pig 555 
sulcus 451 

Centnole of spermatozoon 34 
35 45 
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Centrolecjthal ovum, 31 
Centro^oine of ov um, 29 

of spenmtocj tes, 33 
Cephalic flexure, 103, 433 
chick 532 
pig, 553 
^em. 355 

Cerebellar cortea, 441 
hemispheres, 440 
peduncles, 439, 44® 
Cerebellum, 432 439, 440 
pig 556 

Cerebral aqueduct, 43a, 442 
pig 556 

commissures 453 
convolutions 451 
cortex, 429 446, 451 
histogenesis, 454 
fissures, 447, 448, 45t 452 
flexures, 433 
g>n 451 

hemispheres 446, 447 
external form, 450 
hernia 456 
lobes, 451 
nuclei 430 
peduncles, 439. 443 
sulci 45*r452, 453 


Chorda tympam, 4G9 
Chorda mesoderm formation 
birds, 68 
Chordates 55 

Chono allantoic placenta, 88 
Chono epithelioma no 
Chonoid, 495 
fissure 452, 488 
chick 533 547 
plexus 43fi, 444t 455 
Chonon, 77 
birds, 78, 79 
chick, 536 548 
frondosum, 129 
?acvc, 120, 138 
mammals 81,82 
man, 92 109 t40 
anomalies, 109 
pig, 551 

relation of uterus to, 84, 88 


, 

g>n 451 reptiles, 78 

hemispheres 446,447 Chononic plate 130 

external form, 450 sac, relation to dtcidua, 127, 

hernia 456 >28 , , 

lobes, 451 tvpc of. in mammals 84 

nuclei 430 vesicles, 129 

peduncles, 439, 443 92, 122 13^ See 

sulci 451,452,453 also rd/i ehomntc 

Cerebro spinal nervous system Chromaffin bodies 473 

460 462 aortic 474 

Cervical cjsts, 177 179 cells 473 

diverticula, 179 Chromatin network of ovum 29 

enlargement of spinal cord Chromosomes 23 23 27 
427 asbearcrsofbcrcditao char 

fistulip i?7. 170 aclers 52 


fistulse 177, 179 
flexure 103 434 
chick 532, 547 
,pig 554 
plexus, 462 
nh 377 
sinus 177 
^ pig 554 
Cervix uteri 295 
Chambers of e} e, 495 
Characters atavistic, 19 
Cheeks 190 191 
development 180 181 
Cheiloschists 182 


aclers 52 
behavior 27 

through one generation 38 
'crossing o\ er , 38 
m determination of sex 53 
in maturation division of 
ovum 26 27 28 
of spermatozoon 33 
number of 23 
reduction bj tetrad forma 
tion, 28. 33 
sex, 53 
X and "k , 53 
Cilia, 496 


c-neiiosclusts 102 Cilia, 490 

Chemical factors in expenraen Ciliary bodies 489, 495 
tal embr) ologj 155 ganghon, 472 

Chiasma, optic 464 muscle 495 

Chick embrj os 308 See also Circulation changes at birth 
Rmhrvo chick acc. ic? 


Embryo chick I 

fetaJ membranes 79 80 
Chief piece of spermatozoon 36 
Childbirth 136 137 
anomalies 139 
Chin development 181 
Choanas primitive 201 481 
secondary 202 483 
Chondnfication of skull 3S0 
of vertebr® 374 
Chondroclasts 367 
Chondrocranium 379 380 
ossification 380 
Chorda dorsalis 55 
gubemaculi 300 
tendmai 333 


, 355. 357 
chononic 316 
fetal 355 

placental 733 134 135 
intervillous 134 135 
umbilical 317 
vitelline 317 

Circulus artenosus of Willis 

Cistwna ch>h, 358 
Clavicle, 386 
Cleavage cavitv 56 
I detemunate 
I indeterminate 161 
1 nucleus 50 
1 equiv alence of 158 


Cleavage of ovum, 50, 55 56, 

15^ 

amphibia 58 
Amphioxus 58 
birds, 59 
cluck 50S 
frog 59 

general principles, 57 
guinea pig, 60 
mammals 60, 62 
pip 61, 550 
pigeon 60 
primates, 63 
ribbit 60 

I period of, in human embryo, 
90 

Clelt hind, j86 
palate 1R2 204 
spmc 184 37S 429 
sternum 378 
Clefts bnnchnl, 176 
anomahess 177 
chick. 535 547, 548 
calomic 255 
facial, oblique, l8i, 182 
Clilons 305 
Cloaca Jb9 278 
anomalies 283 
chick 548 
persistent, 283 
primitive 278 
subdivision of 279 
Cloacal membrane, 94, ibS, 278 
chick 548 
septum 2?9 
Closing coapulum i2i 
plate pharyngeal 210 
chick 535 
Clubfoot 186 
Clubhand 186 
Coagulum closing 121 
Coccygeal body 343 
fovea, 184 
vcstigr 428 
Cocevx 375, 376 

recession of 183 184 
Cochlear duct, 498 
neza e 466 
nucleus 440 
Ccehac artery, 320 342 
pig 5f>4 

Ccelom 98 254 255 
anomalies 264 
chick 515 517, 525. 527, 536 
extra embryonic, 78 
development m man, 92 
pig 561 
primitive, 254 
Ccelomic clefts 255 
Coitus 44 
Colic valve 224 
Collateral eminence 452 
fissure 452 
gangha, 473 

reading recommendations 
for 20 

Collecting tubules of kidney, 
2-1 272 273 
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Colliculus inferior, 442 
seminal, 281, 297 
supenor 442 
Coloboma 497 
Colon, ascendmR, 224 
descending 224 
mesentenal fixation, 250, 251 
transverse, 224 

Columns, praj, of spinal cord, 
426 

renal (of Bertin) 274 
Commissure anterior, 454 
cerebral, 453 
pray , of spinal cord 426 
habenular 444 
hippocampal, 453 
posterior, 305 444 
^shitc, of spinal cord 426 
Common bile duct, 228 
P’K 56* 

cardinal \cms, 260 319, 345 
vent, 189 

Communicating rami, 462 
Compact bone, 369 
layer of endometnum, tj8 
Competence, 164 
Conception time of, 113 
Conchc, nasal, 381, 483, 484, 
485 

Cone cells of retina 490 
Conjunctiva, 496 
Connecting piece of spennato 
soon 35 

of unniferous tubules, 275 
Connective tissue 16 363 
sheath, 404 

Continuity of germ plasm, 5 
Convergence amphibian, 67 
Convoluted tubules 275 
Convolutions of cerebral cor 
te . 45t 
Copula 207 
pig. 559 
Copulation, 44 
Coracoid process 386 
Cord genital, 286 298 
1 er 227 
medullary 360 
nephrogenic 268 
pulp of spleen 360 
spermatic, 301 
spinal 423 424 
origin 97 
testis 287 

umbilical 77, no, in 140 
Conum 400, 401 
Cornea 495 
Comeal epithelium 495 
Comiculate cartilage 383 
Corona radiata 41 
Coronary ligament 253 
sinus 328 
pig 562 

•valve of, 328, 333 
sulcus 324 

Corpora cavernosa perns, 305 
quadngemma 442 
Corpus albicans, 42 


Corpus cntlosum 453 
envemosum urcthre, 305 
h'cmorrh'igicum, 42 
lutcum 42 
false 43 

hormone 147 149 
of menstruation 43 
of pregnane) , 43 
true, 43 

stnxtum, 446, 449 
uten, 295 

Corjiusclcfe blood red, 315 
while, 314 315 
genital 479 
Hassall s, 213 
lamcllatcd 478 
mesonephne, 269 
splenic 361 
tactile 479 
thymic 213 
Cortex ctrchcllar 441 
cerebral, 429 44f' 45* 
histogenesis 454 
of half, 405 
of Vidney 274 
of ovary 290 

of suprarenal gland 474, 475 
476 

of thymus 213 
Cortical nodules 360 
rav 8 of kidney 273 
Cofti’s organ 500 501 
Costal processes 371 
Cost© cervical arterial trunk 
342 

Cotyledons 84 132 
Con per s glands 282 
Coxal bone 388 
Cranial nerves, 4C2 
chick, 547 

^ P>S 856 
Cranio rachischisis 375. 385. 
386 

Cranioschisis 176 385 386 456 
Cranium 378 
anomalies 176, 385 386 
Crayfish chromosomes of, 23 
Crescent gmv in twinning 167 
Crest ganglion 413 417 461 
inguinal 299 
neural 413 417 
Cretins 12 

Cnbnform plates, 383 
Cncoid cartilage 385 
Cnsla ampullans 500 
galli 381 
temunalis 328 
Crown heel length 114 115 
Crown rump length 114 115 
CryptOTchism 30a 
Crypts tonsill^, 2t2, 216 
tooth 196 

Cumulus oophorus 25 
Cuneate nucleus 437 
Cuneifonn cartilage 383 
Cup optic 486 487 
chick 533 
pig 557 


Cupula, 501 

Curvatures of stomach, 219 
spinal, at vanous ages 183 
Cushions, endocardial, 326, 330, 
332 

pig, 562 

Cuticuh, dental, 194 
hair, 405 
Cutis phte 402 
Cuvier s ducts, 260, 345 
Cycle estrous 142 

changes in endometnum 
dunng, 143 
in sow, 142 
rCTroductive 142 
C> clopii, 497 
Cylinders, axis 416 
terminal, RufTmis 479 
Cystic duct 229 
pig 56* 

kidney, congenital, 277 
Cysts lirancbtal 177, 179 
cervical 177, *79 
dermoid of ova^, 292 
of skin 402 
sebaceous, 408 
thyro glossal 216 
Cytoplasm of ovum 29, 36 
of spermatozoon 34 36 
Cytotrophoblast t20, 131 


DrciDUA, 125 
basalis 123 128 140 
capsultns 125,126 127 138, 
140 

panctalis, 125, 126 138 

J40 

relation of chonomc sac to 
125 

separation after childbirth, 

137 J38 

vera, 126 

Decidual cells 126 
membranes 125 
elaboration of 125 
summary of facts 140 
Deciduous teeth 192 
eruption 197 
Defects congenital 172 
expenment, 156 
Delammation 15, 72 
Delivery, 136 
anomalies 139 
date of IIS * 3 ^ 

Dendntes 416 
Dendrons 416 
Dens 375 

Dental anomalies 199 
cuticula 194 
lamma 191 
papilla 192, 194 
pulp 195 
sac 195 

Dentate fascia 450 
nucleus 441 

Dentinal fibers of Tomes 19S 
Dentine 1 91, 195 
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Den^ atn es branchnl arch, 

20& 383 

ectodermal 400 
entodermal ib^ 
indiflercnt Renitnl sjstcm, 
306 307 308 
mesodermal 344 
neuml tube 434 
of bnncbial region, l“8 
of pnmitisc mcs.cnch>ma! 
cells 31 4 
Derma 401 
Dermal papilla? 402 
Dermatome 392, 402 
chick 536 

Dermatomic area, 402 
DerroouJ cjst, of oaorj, 292 
of skin 403 

Denno m} otome, chick 536 
Descending aorta, 317, 3^5 
colon, 224 
mesocolon 251 

Descent of testis and o\ orj , 300 
Desmocramum 379 
Detcrmmatc clcasage, t6o 
oium 160 161 

Determination, loss of plas 
ticity after 163 
mechanism of, tGj, 1G3 
plasticity of parts pnor to. 
163 

pKsb\wn of, itt 
Deutoplasm of os um 29 
Development anomalies of 174 
arrest of 173 

early, compared m different 
\ ertebrate tj pea 74 
penods of, 55 
excess of 173 
failure of 173 
general features, 6 
human correlated, reference 
table of /aci«| page 106 
initiation of, 157 
mosaic 161 
\ti mollusc 160 
penod of i 
postnatal i 7 9 
prenatal, 9 90 

regulative 161 I 

role of genes in 166 j 

of hormones in i66 1 

of nmous system m 166 

special 175 

Developmental anatomv, defi 
mtion 2 

ph>s!0log3 definition 2 
Dextrocardia 334 
Diaphragm 25S 263 
anomalies 264 
muscles 396 

Diaphragmatic hernia 264 
ligament of mesonephros 270 
Diarthroses 371 ' 

Dvchirus 185 1S6 
Diencephaion 431 4,1-1 
chick 533 
pig SSS 


Dicstnis 143 
Differential growth, 8 
su'icciitibtlitx , 174 
DifTcrenti ition cell, 14 1 4 
bistogcnctic 15 
of sex cells, 22 
rol e of genes in 166 
of nervous svstem m, tG6 
DiRcsliv e St stem 187 
chick <^^4 548 
; ongm 97 

I P»fr 557 


tube 217 

Digtix development, 184 
Dipioc Ixinc 367 
Disc articular, 371 
embrjonie 72,91 
of p«R. 73 
pCTmmal 59 
intercal ited, 392 
mtcrvettebral, 373 
pulpt nuclei 373 
Discobhstuh 59 
Dislocation of hip joint, con 
jcTutal 166 

Distil convoluted tubules 275 
Diverticulum cervical 179 
hep ilic, 226 
piC $(>o 
miesunal 226 
Meckel s of ileum 108 226 
Sv>cks 302 
thiroid 215 
Du isioti cell 6, 16 
Dominant charactcnsiics 52 
Donor, 136 

Dorsolateral placode 471 
Double monster 171 
Drum ear 505 
Dualist ic theory of hemopoiesis 

Duct or Ducts 
Baribolm s, 201 
bile 228 

Botallos 338 358 
cochlear 498 
common bile 328 
p>g 5b » 

Cuv jcr s 260, 345 
cystic 22g 
pig 561 

ejaculatory 294 
endolyroph 4^ 
chick 547 
5x7 

Gartners 294 
genital pnmitive 2S5 
hepatic 238 
pig 561 

intcilohvdai oS hver, 228 
Hcnmnl 496 

mesonephric 268 , 

chick, 526 

twg, 56t I 

transformation of 293 
milk 409 

hfullersaa, 4S5 286 | 

tmnsfonnntion of 396 j 


Duct or Ducts 
naso lacnmal, 496 
of epidicUmis 294 
of epoophoron 294 
pancrcitic, 233 
accessory 232 
pira urethral, 382 
pronepbnc 26O, 267 
chick 526, 536 
saluarv lOO 
Santorvni s, 232 
semicircular, 498 
Skene s 2b2 
thoracic 3^8 
thvro kIos-so! 215 
persistent 216 
Wirstings 242 
Uolffian, 26b 

Ductules aberrant, of epidid 
ymis 294 

efferent of cpidtdv mis, 294 
Ductus artenosus (of Botallo), 

obhtention of 358 
PIR Sf-S 

choJedoclius, 228 
deferens 294 
impulh of 294 
epidvdy midiv 294 
rcunicns 500 
V cnosus 347, 348 

pig 56(1 

, Duoilcnal glands (of Brunner), 

Duodenum 220 223 
mcscnicnal fixation 251 

561 

Duplication 169 
tnmtiing and 167 
Dura mater, 423 
Dwarfs, 13 
achondroplastic, 14 
Dyads 33 


CvR 497 
anomalies 506 
aunde, S05 
chick, 533 
drum, 505 
external 497 504 

development, 104 183 
internal, 497 
middle 497 . 503 
Ebner s glands 209 
Ectoderm 14 55 
I basal 133 
' demalives 75 400 
' extra embry onic human 93 
I formation 55 
amphibian 66 
Amphioxus, 64 
birds 68 71 
chvik 5W9 
mammala 73 
man 93 

Ectopia cordis 334 
vesjoD, 283 
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Ectopic prcgmnc) izi 
ElTercnt ductules «j( cpidid> mis, 

29+^ 

nerve fibers 450 
neurons, 416 
Egg See (yum 
Ejicuhtion. 45 
I j'lcuhtory duct, 294 
Elastic carlihgc 365 
lipamcnis 364 
tissue, 364 
rfetdin, 400 
riements, rcsen e 16 
Llevntion of shoulder, congen 
ital, i8f) 

Llonp itvon amphibum, 66 
Cmbrjo clncVv 508 
later stages 549 
of first day 508 
of five segments (tnenty 
four hours), 512 
of seven segments (twenty 
fiirC hours), 5t4 
of seten to ten days 549 
of seventeen segments 
(thirty eight hours), 522 
of three to tour days 546 
of twenty even segments 
(two days), 542 
umneubated ovum 508 
endometrial erosion b> 1 23 
human 90 

age of determining ttj 
age-sire weight norms jt4 
115 

and uterus establishment 
of s ascular relations be 
tween, 132 
anomalies 106 
crown heciiength 114 
crown rump length 1 14 
establishment m endome 
tnum, 122 
exterior of 92 
graded senes of 105 
greatest length, 114 
growth chinges 7 9 10 
implantation in ectopic 
sites 121 

in mucosa n 8 
length of rulev for culcu 
lating 114 

measurement 114 115 
membranes of 90 
of Atwdl loa 
of Brew er 93 97 
of Comer 101 
of eleven days 92 
of first week 90 

of five to eight week' 103 

of five weeks t02 
of fourteen days 72 93 
offourthweek 97 loi ^^2 
of Hertig and Rock qi 9^ 
96 1:8 
of Heuser, 95 
of Ingalls, 97. loi 
of Ltnzennaeier, 96 


Embryo human, of Mateer- 
Turner, 93 
of Pnyne 101 
of Scammon 04 95 
of second week, 90 
of seven days 9] 
of sevtm necks, 104 
of stx Weeks, 103 
of sixteen days 73 
of Spec, 95. 97 
of Streeter, 97, loi 
of third ncek,b3 94. 95 
of Thomp.,on Brash 97 
of Veil and Esch lOi 
penetration of endome 
inurn by 123 
pertod of cleavage, QO 
of completion 103 
of three lay cred 93 
of tnola\ctc<l 90 
With somites 97 
preparation of uterus for, 

tl8 

presomne grading and di 
menstons, 96 
period. 95 

sagittal sections of, 100 
Stic weight age norms, 114 
1)5 

three layered 93 
twoliyercd 90 
viabilita and fonpev it> 

ns 

weight sire age norms, 114 
115 

in expentnents 156 
nutnuonof 125 
Organization of, 14 
Pif? 550 

early stages 550 
eighteen mm stage 582 
fetal membranes of S i 
SIX nun stage 551 
ten mm stage 554 

transverse sections, 
S66 

thirlv five mm stage 585 
twenty four mm stage 
588 

twin t6g 

vertebrate transverse sec 
tion 98 

Embryology comp native 3 
divisions of 2 
experimental 2, 155 
fields of 2 
history 3 

laboratory manual. 508 
nature of, t 
scope t 
value 3 

Embry unit di«!c 73 91 
of pig 73 

factor m yrowth promotion, 
12 

Eminence collateral, 452 
Enamel 191 194 
formers 194 1 


Enamel layer, inner, 192 
outer, 192 
organs, 192 
prisms 194 
pulp 192 

Encophalocfrle, 456 
Fnd hud w 
bulbs of Krause, 479 
organs, neuromuscular, 479 
neurotendmous, 479 
piece of spermatozoon 36 
plate, motor, 390 
Endocardial cushions, 326, 330, 
332 
m 

Endocardium 321 331 
Endochondral ossification, 367 
Endocrine glands in integration 
*7 

Endolymph duct, 498 
chick, 547 
SS7 

sac, 498 

Endomeinum, jiB 
changes dunng eslrous c> cle 
<43 

dunng menstrual cycle, 
143 144 

erosion of, by trophoblast, 
123 

establishment of embryo in 
122 

implanution of embryo in 
J18 

m pregnancy, 125 
laversof 118 
menstrual plusc, t4S 
penetration by embrj 0 123 
preparation for embty 0 118 
pTOgc-tational, 145 
proliferative phase 145 
repair of 144 
seerctorv phase 145 
stage of TTOaw t44 
Endotheho cnonal placenta 86 
Endothelium 98 310 311 
of mtenor chamber of eye, 
405 

Entoderm 14, 55 
denvatives, 75 187 
formation 55 
amphibian 66 67 
Amphioxus 64 
birds, 68 
chick 68 508 
mammals 71 72 
man 90 9i. 93 

Environment heredity and 51 
Ensvmes placental 136 
Eosinophils 315 
Epartenal bronchus 217 
Ependymal cells 414 419 
layer 415,423 4*4 
zone 415 
Epiboly 66 

Epibranchidl placodes 471 
Epicardium 321 331 333 
Epidermis 400 
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Epidermis Amphioxus, 65 E 

anormlies 402 E 

ongin of m mimmiis 75 
Epididvmib aberrant ductule- E 

294 \ 

appendix, 294 t 

duct of, 294 E 

efferent ductules 294 
lobules 294 E 

Epigastric artenes, 34t * 

Epigenesis 4 E 

Epiglottis, 036 

pig, 557 5(10 , 

Epipln Seal lines 370 J 

Epiph>ses of bone 370 1 

of % ertebne 375 ] 

Epiphxsib (pineal bod>), 444 ' 

chick ^47 

Epiploic foramen, 247 

pip 

Epispadias 306 
Epistropheus 375 
Epithalamus 444 
Epithelial bed of hair, 405 
mass 284 
sheath 193 405 
Epith« ho chorial placenta 84 
Epithelium 14 16 
comeal 495 
germinal 284 
lens, 491 

oUactor\ 480, 483 
sensor>, 413 
Epitnchium 401 
Lponjelnum 404 
Lpoophoron 294 
ducts of 294 
Equational mitosis 28 
Eruption of deciduous teeth 
196 

of permanent teeth 198 
Er>throblast, 313 
Erythrocytes 313 
Erythroplastids 314 
Esophago tracheal fistula 242 I 
Esophagus 218 I 

anomihes 219 I 

chick 348 I 

glands 219 I 

pig 560 
Estradiol i jg 
Estnol in placenta 150 
Estrogen 148 149 296 
in pi icenta i so 
Estrogenic hormone 147 
Estrone 149 
in placenta 150 
Estrous cycle 142 

changes in endometrium 
dunng 143 


Ethroo turbioals 484 | 

Eustachian tube 211 
vahe, 32i» 

E\ aginations 15 
Eiocation 163 
Evocator 163, 164 
Excretory organs 265 
summarv, 277. 278 
Exocoelomic membrane 91 
Experiment, defect iSd 
Experimental embrvologv, 2, 
*55 

matenM 156 
Fxplant 155 

Expression, muscles of, 497 
Exstrophv of bladder 283 
Extra embryonic blistoderm, 


calom, 78 92 
ectoderm human 93 
mesoderm 74 

Extra utenne pregnanev, 121 
Extremities anomalies, 186 
artcncsof, 343 
bones 3h6 387 
development, 184 
muscles 397 
veins 354 
Eve 485 

accessory appiratus 495 
anomalies 496 
chambers, 495 
chick 522 533 547 
chonoid 495 
cornea 494 

I development 104, 184 487 
differentiation of optic cup 

487 

fibrous and vascular coats 
494 

intraocular vessels 493 
ins 488 495 
lens 491 
muscles 397 
pig S54 
pupil 488 
retina 488 
sclera 494 
V itreous body, 493 
E\ clashes 496 
Eyelids 495 

PACr, anomalies 181 182 
components fates of 182 
development 104 179 r8o 
muscles 397 

Facial cleft oblique, 181 182 
nerve 468 
_ , pig 5S6 


comparison of with men Falciform ligament 253 461 


strual cycle 146 
in sow 142 
Estrus 142 
m animals 40 
Ethmoid bone 381 
Ethmoidal cells 381 485 
labynnths 381 


Fascia 364 
dentate, 450 
Fasciculus cuneatus 426 
graciU 426 
propnus 426 
Fat cells 364 
Fatty tissue 364 


Fc ither pnmordia chick 549 
Feet anomalies 184 186 
i development 184 
Female germ cells 21,29 
pronucleus 27 50 
Femoril artery , 344 
nerv e 4 <j2 

\cin, 345 
Femur 388 
Fertilization 47, i57 
events 01, 47 
first recognized, 5 
human 51 
m bat, 49 
in chick, 508 

optimum time for in men 
strual cvcIl 43 
results 50 
significance 50 
time of 114 
Fetal circul ition 455 
membr mes 77 
binls 78 
chick 79 So 
mammals, bo, 83 88 
mm 107 

rupture at birth 147 
summary of facts, 140 
of pig embryo, 81 
reptiles 78 
vertebrates 77 
placenta, 130 
Fetus 104 
aborteil 139 

acardiac with normal twin, 

»7t 

amorphous 106 
anomalies 106 
external term establishment, 
104 

growth changes 8 9 
mummified 106, 107 
paper doll 107 
papvraceus 1Q7 
penod of in prenatal devtl- 
opment 105 
position at birth 1 36 
Fibers dentinal of Tomes 195 
lens 491 
Muller s 490 
muscle 390 
nerve 438 

functional classification 
449 

myelinated 421 
neuron doctnne 421 
unmyelinated 421 
Purkinje 392 
Fibnls, muscle, 390-393 
nerve 416 

Fibnnoid material of placenta 
«33 

Fibroblasts 364 
Fibrocartilage 365 
Fibrous astroev tes 420 
tissue white 364 
Fibula 388 
Field nail 403 
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fifth nerve, spinal tract, 437, 
468 

Filament, axial of spermato 
zo5n, 35, 36 

terminal, of spermatozofin, 36 
Filiform papilla, of tongue, 308 
Filum terminalc 428 
Fingers anomalies 185, J86 
development, 184 
Fishc!, 55 
Fissure, 451 
calcarine, 452 
central 452 
chonoid 452 488 
chick 533 547 
collateral, 452 
hippocampal 451 
lateral 452 
longitudinal, 447, 448 
median, of spinal cord, 435 
parieto occipital, 452 
rhinal, 451 
Rolando's 452 
Sylvian, 452 
Fistula auras 506 
eemcal, 177, 179 
csopliago tracheal 242 
umbilical 108, 226 
riagellum of spermatozoon, 34, 
36 

Flexure cephalic, 103, 433 
chick, 532 
P»K S54 
cerebral 433 
cervical 103 434 
chick, 532 547 
P»g 554 
pontine 434 
splenic 224 
Flocculus cerebelli 441 
Floor plate 419 423 439, 436, 
439 

Fold arytenoid, 559 
bulbo s entncular 330 
head chick 511, 512 537 
inguinal 299 
nail, 403 
neural 413 
chick 512 
development 103 
pig 550 
tail 547 
chick 532 537 
urethral 287 
vocal, 237 
Foldmg, 15 

Foliate papiUie of tongue, 209 
Follicle, atretic, 40 
cells 23 25 

during estrous cycle 143 

during menstrual cycle 143 

Graafian, 24 292 

hair, 404 

life cycle 24 

ongin and growth 23, 24 
pnmaiy 23t 292 
rupture of 40 
thyToid 216 


rollicle vesicular, 24, 292 
Follicle stimulating hormone, 
X47i ISI 

PoUtcular fluid, 34 
rothculi, theen, 35 
FontancIIes, 383 
I ood in growth control, 1 1 
Foramen esecum, 308, 215 
epiploic, 247 
p»c, 561 

incisive, 203 

interventricular, of brain, 

.330 

Luschka s 436 
Magcndic s, 436 
mandibular, 384 
Monro s, 448 
obturator, 3S8 
ovale, 326 327,329 
closure of 329.357 
patent. 335 
ovale I 326 
pig. 562 
ovale 11 327 
pig 562 
transverse 376 
Fore bram, 431 
chick, 514, 522 
Fore gut, 188 
chick 514, 523, 534 
on),in, 95 

Forehead, development, 180 
Fore skin, 304 
Form changes in 8, 9 
external, anomalies, 175 177. 

181 184, 185 

establishment of, 105, 175 
Formation reticular, 435, 436, 
^439 

Fomi'C 4M 
Fossa oral 188 
ovahs 330, 358 
tonsillar, 212 
Fourth ventricle 432 
lateral recesses 436 
Fovea centralis 491 
coccygeal 184 
Foveofe gastne® 220 
Fraternal twins 171 
Frenulum of prepuce, 305 
of tongue 191 

Fnedman test for pregnancy, 
reaction of ovanes 150 
Frog, cleavage in 59 
Frontal bone 383 
lobe 451 
sinus 382 485 
Pronto nasal process 179 
Froriep s ganglion 467 
„ pig. 556 
Fundus of stomach, 219 
of uterus 295 

Fungiform papilla: of tongue 
208 

Funiculi of spinal cord 426 
Fusion 156 
of organs 173 


Gall bladder, 229 
anomalies, 230 
„ P'B. 5<il 
Gametes 21 

Gametokinctic hormone, 147 
Ganglion 417 458 
accessory, of vagus, 471 
acoustic, 465 
cells 417 

layer of retina 490 
ciliary, 472 
colhtcra!, 473 

crest, 4>3. 417. 461 

development, 417 
Fronep's, 467 
pig. 55^> 
geniculate, 469 
jugular, 470 
nodose 471 
otic 472 

petrosal, 469 472 
semilunar, 468 
sphcno-palatinc 472 
spiui], 417, 460 
supporting cells, 417 
spiral 465 
submaxillary , 472 
supenor 4C9 
supporting dements, 420 
sympathetic, 471. 47?. 473 
terminal 473 
vestibular, 465 
Gartners duct 294 
Gastnc Sec also Stomach 
canal 220 
glands 220 

Gastro colic ligament 250 
Gastroschtsis 184 
Gastro-splenie ligament 250 
Gastmla 64 
Gastrulation 55 63 158 
amphibian 65 67 
Amphioxus, 64 
birds 68 
chick 68 69 509 
compared in different ver 
tebrates 63 
human 74 
mammals 71 

pig 550 
Genes 37, 52 

m sex determination 53, 292 
rfile of m development and 
differentiation 166 
Genetics principles of 51,52 
Geniculate bodies, 445 
ganglion 469 
Genital cord 286, 299 
corpuscles 479 
ducts prunitive 285 
glands, accessory, 281 
organs 283 

mdifferent stage 283 

equivalent denva 
tives 306 307 308 
ndge 269 284 
pig 561 
tuberde 286 
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Genital tubercle, pig, 555 
Genitalia 

external, 286, 303 
anomalies 305 
development of, 104 
indiflerent stage, 283 

equiv alent den\ ativ cs, 

306 307. 308 

internal 287 

anomalies, 292 297, 302 
ligaments of, 298 
Genu of lacial nerve, 468 
Germ cells, 21 
fenale, 21, 29 
male, 22, 32, 35 
primordial, 2r, 285 
lajers 14 
derivatives 75 
origin 55 
primar> 14. 55 , 
plasm continuit> of, 5 
Germinal disc, 59 
epithelium, 284 

Gestation penod of, in human, 
li6 

m various mammals, 116 
Giants t3 
Gigantura 13 
unilateral 13 
Gland or Glands 
adipose, 364 
apocrine 409 
areolar 410, 411 
Bartholin's, 282 
Brunner % 223 
buccil 201 
bulbo urethral, 282 
Cow per s, 282 
duodenal 225 
Ebner’s 209 

endocrine m integration, 17 
esophageal 219 
gastric, 220 

genital, acce sory, 281 ^ 

hemal 360 

hemolymph, 360 

holocnne 408 

intestinal 225 

labial 201 

lacnmal 496 

Lieberkuhns 225 

lymph 359 

mammary 409 

changes in pregnancy, 147 
during ovanan cycle, 147 
Meibomnn 496 
Moll s 496 
Montgomery s 410 
oral 199 

anomalies 201 
palatine 201 
parathyroid 211,214 
PJg 5a9 
parotid 200 
prostate 282 
salivarv J99 
sebaceous 405 407 
subhnguul 201 


Glands or Ghnds 
submaxillary, 200 
sudoriferous, 408 
suprarenal 474 
sw cat 408 
tarsal 496 
thymus, 211, 212 
pig. 559 
thyroid 215 

chick, 535 548 

pig. 557 
vestibular, 282 
Zei^s 496 
Gians clitondis 305 
of phallus 287 
p<nis 304 
Glaucoma 497 

Glomerulus mesonephne, 269 
melanephnc 271 
of olfactory bulb, 463 
pronephne 266 
Glomus cocevgeum 343 
Glossopharyngeal nerve, 469 
P'8. 556 
Glottis, 236 
, P'R 559 

Gluteal artery , inferior, 344 
I vein inferior, 35s 
Golgi apparatus ot ovum 29 
of spermatozoon 33 
Gonadotropic hormones 147 
in ovarian cycle, 151 
Gonads 283 
bipoientialily of. 292 
Graafi in follicle, 24 292 
Gradient theory 167 
Granular layer of cerebellum, 

441 

Granules pigment, of hair, 405 
of skin 401 
yolk, of ovum 29 
Granulocyte* differentiation of, 
3^5 

Granulosutn, stratum 25 
Gray columns of spinal cord 426 
commissures of spinal cord, 

426 

communicating rami 473 
substance of spinal coi^ 426 
Greater curvature of stomach, 

219 

omentum 345 
Grooves branchial 176,210 
chick 533 535 
. ,PiB 554 
labial 191 

laryngo tracheal, 235 
naso lacnmal 4^ 
neural 95 413 
chick 512, 514 
pnmitive, 71 
chick, 510 
rhombic, 435 
urethral, 287 

Ground bodies of spin il cord 
426 

substance of supporting tis 
sue 363 


Growdh abnormal, 13 
arrest of, factors in, 12 
body, caudal, diagram of, 99 
cell, 7 

localized, 15 
definition 7 
differentnl, 8 
factors controlling, ii 
in length, 10 

in relative size of body parts 

8 9 

in surface area 10 
in weight, 10 
me isuremcnt of, 7 
methods of 7 
of organ s\ stems lo 
of organs 10 
of sex cells, period of, 22 
pattern 9 
promotion, 12 
rates 7 

constitutional factor in, H 
nutritional factor in ii 
temper iture m, ii 
Growth arresting factors, 12 
Growth promoting factors 12 
Gubcrtvaculum testis, 300 
Gumui pig, cleavage in, Co 
Gums, 191 

Gustatory organ, 479 
Gut, 97 
fore , j88 
hind , 188 
mid , 188 
ongin of 104 
postina!, 190 
primitive, 187, 188 
tail 190 

Gut tube Amphioxus 65 
Gynecom istia, 41 1 
Gyrus, cerebral, 451 
hippocampal, 451 

Habcnulvr commissure, 444 
Hair, 404 
anomalies 407 
bulb 405 
canal, 405 

cells of spiral organ, 501 
cortex, 405 
cuticle 405 
epithelial bed, 405 
follicle 404 
lanugo 406 
medulla, 405 
papilla 404 
pigmentation, 405 
shaft 405 
sheath 403 
Hairv monsters 407 
Hands, anomalies 185, 186 
development 184 
Hare lip 182 
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membranous 498 500 
of renal cortex 274 
Labyrinthine placenta, 86 
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Menitigo entephaloccele 456 
Meningo my clocccle 429 
Menopause 154 
Menstrual cycle, 144 

changes m mammary gland 
during, 146, 177 
companson of, with estrous 
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Lateral ventricles, 432, 448, 
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chonojd plexus of, 455 
Layer, basal, of endometrnim, 
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compact, of endometrium, 
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enamel inner, 193 
outer, IQ2 

ependymal, 415, 433, 424 
functional of endometrium, 
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ganglion cell, of retma, 490 
germ 14,55 
denvatives, 75 
ongm, 55 

granular, of cerebellum, 441 
Lmghans , 131 
mantle, 415 433, 426 
marginal 415, 423 426 
medullary, of cerebellum 441 
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ner\ e fiber, of retina, 464, 49 1 
ner\ ous of retina 489 
pigment of retina, 489 
somatic 35s 
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spongy, of endometrium, n8 
Leg anomalies, 183, x86 
arteries 344 
development 184 
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veins 355 

Length crown heel, 114 115 
crown rump 114,115 
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Lens 491 
capsule, 493 
epithelium 491 
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placode 486 
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suspensory ligament, 493 
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vascular tunic 494 
\esicle, 486, 491 
chick, 533 
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Lenticular nucleus 449 
Lesser curvature of stomach 
219 

omentum 249 253 
pentoneal sac 245 
Leucocytes, granular differen 
tiation of 315 
mononuclear, large 316 
non granular differentiation 
of, 315 

Lieberkuhn s glands 225 
Life span in man, divisions i , 2 
Ligament or Ligaments 364 
broad, of uterus, 299 
coronary 253 


Ligaments or I igamcnts 
diaphragmatic, of mesoneph 
ros 270 
clastic, 364 
falciform, 253, 561 
gastro colic, 250 
gastro splenic, 250 
hepatic, 229 253 
h^ato duodenal 253 
hepato gastnc, 253 
labial, 299 

of internal genitalia, 298 
of liver 253 
of ovary, 298 
of scrotum, 300 
Qf testis 2^ 
of uterus 299 
of vertebral column, 375 
proper, of ovary, 298 
round of uterus, 299 
spheno mandibular 364 
spleno renal, 250 
st>Io hyoid, 385 
suspensory, of 1^, 491 
of ovary, 298 
triangular 253 
umbilical, lateral, 343 358 
middle 281 

Ligaraentum artenosum 358 
labiate 299 
scroti. 300 
teres, 253 319,358 
testis 299 

venosum 253 349, 358 
Limbs anomalies, 185 186 
bones, 386 387 
buds 103. 184 
chick 547 
^ P'K. 555 

development, 103 104 162, 
184 185 

muscles 397 
of intestinal loop, 220 
of vertebrates 97 
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spiral 501 

Limiting membrane of neural 
tube 414 
of retina, 490 
Lme epiphyseal, 370 
milk 409 
Lineage cell 159 
Lmgual nerve 469 
papilke 208 
tonsil 209 
Lingula 381 
Lip 190 191 
development 181 
hare 182 
rhombic 437 
Lipoblasts 364 
Liquor folliculi 24 
Lithopedion 107 
Liver 226 229 535 
accessory tissues, 229 
anomalies 230 
capsule 253 
chick 535 548 


Liver cords, 227, 228 
ducts, 228 
Jigiments, 229, 253 
lobes, 230 
lobules 228 
ongin, 104 
parenchyma 227 
piK. 56* 

sinusoids, 227, 346 
trabecula:, 227 
Lobes neural, 205 
of cerebrum 451 
of hypophysis 205 
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of liver, 230 
of lung 237 
of pancreas, 232 
olfactory, 449 
Lobster claw, 185, t86 
Lobules of epididymis, 294 
of liv er 230 
of pancreas, 232 
of salivary glands 200 
of testis 289 

Longevity of fertilized ovum 

115 

Longitudinal fissure, 447, 448 
Loop, Henle s 275 
intestinal limbs of, 220 
Stoercks 275 

Looping of mtestme, 222, 


Lumiar artery 341 
ngrves 462 
vein 354 

Lumbo sacral enlargement of 
spinal cord, 427, 428 
plexus 462 
pig. 557 

Lumen residual, of hypophysis, 
205 

Lungs, 23s, 237 
alveoli 239 
anomalies 242 
branching of bronchial buds, 
237-240 

changes at birth 242 
chick 548 
lobes 237 
pig 560 
Lunula 403 

Luschka s foramina 436 
Luteal hormone 147 
Luteinizing hormone 147,151 
Lymph glands 359 
nodules of mtestme, 225 
sacs 358 
jugular 358 
postenor 358 
retroperitoneal 358 
sinuses 359 
centra! 359 
penpheral 359 
Lymphatic system 358 
Lymphatics 358 
ongm, 98 
penpheral 358 
Lymphocytes 316 
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glands, 359 
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Macbocepiialus 176, 456 
Macromastia, 411 
Macrophages 316 
Macrosomia 13 
Macrostomus, 181 
Macula acustica, 500 
lutea 491 

Magendie s foramen 436 
Male germ cells 22 32, 35 1 

pronucleus 50 
Malformations 172 173 
classification 173 I 

Malleus 384, 504 
Mall s pulmonary ndge, 260 
Mammals 55 
chonomc sac in 84 
clea\agem 60 62 
depth of implantation in 87 
earl\ deselopment compared 
iMth other \ crtebrates 74 
fetal membranes of 80 83,88 
gastrulation in 71 
gestation in comparati\ e 
data 116 

mesoderm formation in 73 
pbcentation in 83 
Mammary artery, internal 341 
cycle 146 

hormonal control of, t S3 
glands 409 
anomalies 411 
development of, 153 
in o\anan c\cle 146 147 
in pregnancy 147 
rudimentary 411 
supemumeraf) 411 
ndge 409 
pie 555 

Mammillary bodies 446 
Mandible 384 
Mandibular foramen 384 
ner\e 468 

process 179 383 384 
w P’2, 554 

Mantle layer 415 423,426 
2one 415 

Marginallayer 415,423 426 
sinus laa 
zone 415 

MaTToi% bone red 367 
yellDw 369 
cavity 367 
tissue pnmary 367 
Marsupials 55 
Mass epithelial 284 
Massa intermedia, 446 
Mast cells 316 
Mastication muscles of 397 
Mastoid cells 383 503 
process 383 
Maternal placenta 133 
tissue loss at birth in mam 
mals, 88 


Matnx of nails, 403 

of supporting tissues, 363 
Maturation 22, 26 
equation'll, 28 
importance, 22 
of ovum 22, 26-29 
in chicL 508 
in human 29 
i of se'e cell;*, 22 

of spermatozoon, 22, 33 
reductional, 28 
MaTilIary bones 384 
nerve 468 

process 179,384 480 
P>E, 554 
sinus 382 485 
Maxillo turbiml, 483 
hleasurement of embryos 114, 
”5 

of growth, 7 

Meatus acoustic e'rtcmal, 211 

504 

chich 549 

pi? 554 559 I 

Mechanical factors in etpen 
mental embryology 155 
Meckel s cartilage 384 504 
diverticulum of ileum 108, 
226 

Nfeconium, 225 
Median artery 344 
fissure of spinal cord, 425 
nerve 462 

septum of spinal cord, 425 
of tongue 208 
sulcus 438 
of tongue, 2 o 8 
Mediastinum 240, 245 
ovani 291 
testis 289 
Medulla 455 
oblongata 432 434 
of hair 405 
of kidney 273 
of ovary permanent, 291 
pnmary 290 

of suprarenal gland 474, 476 
of thymus 213 
Medullary cords, 360 
layer of cerebellum 441 
rays of kidney, 273 
sheath 421 
velum, 439 

Megakanoevtes, 314 316 
Megaloblasts 313 
Meibomian glan^ 496 
Meiosis 26 28 
and mitosis 37 
m heredity, 37 
Melanism 402 
Membrane or Membranes 
basilar 502 
bones 365 
development 366 
of skuU 383 
doacal 94 188 278 
chick 548 
decidual, 125 


Membrane or Membranes 
deadual, elaboration of, 125 
summary of facts, 140 
embry ontc man, 90 
eaocceloraic, gr 

fetal, 77 
birds, 78 
chick 79, 80 
mammals, 80, 83 88 
man 107 

rupture at birth, 137 
' summary of facts, 140 

I of pig embryo 81 

I relation of advanced fetus 

I to 137 

1 reptiles 78 

' ivrause s, 393 
I limiting of neural tube, 414 
I of retina 490 

Nasmyths 194 
nuclear of ovum, 29 
obturator 388 
oral 188 
otolithic 50! 
penodontal 196 
pharyngeal, 188 
chick 5J4 533 535 
pleuro-pcncardial 257, 260 
pleuro peritoneal, 257 261 
pupillary , 494 495 
persistent, 497 
Reissner s, 502 
svnovia! 371 
tcclona! 501 
tympanic, 211 505 
PJJ? 559 „ 
urethral 287 
vestibular 502 
vitellme 31 
chick egg 508 

Membranous labyrinth, 498 
500 

urethra, 281 

Mendelian inheritance, 52 
Meninges 423 
Memngoccele 429 456 
Meningo encephalocoele 456 
Meningo my eloccele 429 
Menopavise 1 54 
Menstrual cycle 144 

changes in mammary gland 
during 146 177 
comparison of, with estrous 
cycle 146 

endometrial changes dur 
mg, 143 

ovarian follicle during 143 
relation to ovulation and 
pregnancy 145 
repair phase, 144 
Menstruation 144 145 
corpus luteum of 43 
endometrium during 143,144 
relation of ovulation to 43 
to o\ ulation and preg 
nancy 145 

repair of endometnum fol- 
lowing, 144 
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Menstruation without ovula 
tion, 145 

Mcrobiastic ovn, 57 
Mesencephalic nucleus 442, 
468 

Mesencephalon, 431, 432. 442 
cluck, 522, 533 
p>e 556 

Mesenchym'il cells, primitive, 
demativcs of, 314 
Mesenchyme, 14, 311 312, 363 
chick, 515 

Mesenteric arteries, 320, 342 
pig, 5^4 
veins, 348 
pig 566 
Mesentery, 244 
anomalies 254 
caval 248 253 
vein of, 353 
dorsal, 220, 244 
fixation of, 249, 2St 
specialization of, 244 
intestinal, 250 
Pi?i 561 

primitive 244 245 
proper 245 251 
ventral, 244 
specialization of, 252 
Mesocardium dorsal 252, 322 
ventral 252 
Mesocolon, 245 
ascending 251 
descending, 251 

pig , 

secondary fusions, 250, 251 
sigmoid 252 
transverse, 251 
Mesoderm 14 55 
chick 509 510,515,516,525, 
Si6 

denvatives 75 244 
embryonic segregation of, 93 
extra embryonic, 74 
formation 55 

amphibian 66 67 
, Amphioxus 64 
birds 71 
mammals 72, 73 
man, 91 93 
lateral 98 
somatic 98 516 
man 93 

splanchnic 56, 81 93 98 
man. 93 

Mesodermal segments chick, 

512 514 

man 96, 97 
pig, 550 55* 555 
Mesoduodenum, 245 251 

pig. 56* 

Meso esophagus 244 
Mesogastrium dorsal 245, 249 
pig 56* 
ventral 253 

Mesoglia 420 , , 

Mesonephric corpuscle, 269 
duct 268 


Mcsonqihnc duct, chick, 526 
P»g. 56* , 

trinrformation of, 293 
glomerulus, 269 
ndge 269 
tubules, 26S, 269 
chick. 536, §48 
tr’insform'ition of, 293 
Mesonephros, 265 268 
chick, 526 

di^hraginitic ligament, 270 
dmcrcntiation of, 269 
P‘g. 56* 

summary concerning, 277, 
278 

Mcsojmimonum, 244 
Mcsorchium, 287, 2^ 
Mcsorectum, 245, 252 
Mesosalpinx, 298 
Mcsothelium, 98 255 
Mesovanum, 290, 298 
Mctacarpals, 387 
Mctamcrcs, 97 
Metamerism 97 
Mctancphrogcdic tissue, differ 
cntiationof 274 
Metanephros 265, 271 
anomalies, 277 
calyces 273 
capsule, 275 
chick 548 
cortex 274 
medulla, 273 
medullary rays 273 
papilla, 273 
papillary ducts 273 
pars convoluta, 274 
radiata 273 
pig 561 
pyramids, 273 

summary concerning, 277, 

278 

tubules, 271, 272, 273, 274 
275 276 
Metatarsus 388 
Metathalamus 444 
Metencephaloii 432 439 
chick 533 
pig 556 

Micrencephaly 45u 
Microcepholus 546 
Microglia, 420 
Micrognathus, 181 
Micromastia, 41 1 
Microphthalmia 496 
Mtcropyle 49 
Microsomia 13 
Microstomus, l8l 
Mid brain, 431 
chick, $22 

Middle ear 497» 593 
kidney 268 

Midgets achondroplastic, 14 
Mid gut 188 
chick 534 
Migration cell 15 
Milk ducts 409 
line, 409 


Milk secretion of, 153 
teeth 192 
utenne 84 
witch 411 
Miscamage, 139 
Misplacement of organs 173 
Mitochondna of ovum, 29 
of spermatozoon, 33 35 
Mitosis, 6 
and mciosis, 37 
cfiuational 28 
rciluctional 28 
significance in heredity, 37 
Mitral cells 463 
valve 333 
Mole 402 

hjdatidiform 109 no 
xestcular, 109, no 
Molecular layer of cerebellum 
441 

j Moll "V glands, 496 
! Mollusc, mosaic, development 
in 160 

Monads 28 33 
Mongolian spots 402 
Monocytes 31C 
Monotremes, 55 
Monro s foramina, 448 
hions pubis, 303 
Monsters, 172 
double 171 i 

hairy , 407 

Montgomciy s glands, 410 
hiorphogenesis 14 
ol ceotral nervous system, 
422 

of muscles 393 
of skeleton, 371 
Morula, 56 

Mosaic development, 161 
m mollusc, 160 
ovum 160 161 
hfotor end plate 39° 
nerves somatic 466 
nucleus 439 443 
of facial nerv e 468 
of trigeminal nerve 468 
of V'agus nerve 470 
Mouse ov um, maturation of, 26 
Mouth 190 
chick 548 
development, i8i 
glands 199 
of vertebrates, 97 
pig 557 ^ 

vestibule of 191 
Mucosa, utenne See Endo- 
mttnum 

Mucous plug 127 
tissue of umbilical cord 1 12 
Mullerian ducts 285 286 
transformation of 296 
fibers 490 
tubercle 280 286 
Multiple births 167 
Mummified fetus 106 107 
Muscle or Muscles 390 
anomalies 399 
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Muscle or Muscles 
arrector pili, 405 
cardnc, 39°. 192 
ciliary 495 

de% elopmental factors, 394 

fibers 390 

fibnls 39t>'393 

gronth of, 10 

histogenesis 390 

inters ertebral 396 

morphogenesis 393 

of abdomen 39G 

of back 396 

of diaphragm 396 

of expression 397 1 

of extremities 397 I 

of e> e 397 

of head, 397 
oflarjnx 337,398 
of limbs 397 
of mastication, 397 
of neck 395, 396 
of palate 398 
of pharynx, 398 
of skeleton 394 
of thorax 396 
of tongue 208 398 
of trunk 395 
of \ isccra, 393 
origin 390 

papillary, of cardiac valves 


333 ^ ^ 

penneal 396 
plate 392 
pupillary 495 
segments 97 
skeletal 390 392 394 
smooth t90, 391 
stapedial, 504 
tensor ty mpani 504 
thoraco abdominal, 396 
tissue, 16 
Msceral 393 
Muscular system 390 
Musculo cutaneous nerae, 46: 
Mutations 51 
Myelcncephalon, 432, 434 
chick 533 
nuclei of, 437 438 
PiK 556 

Mielin 421 

development in spinal cor 
427 

sheath 421 

Myelinated nerve fibers 421 
My ehnation of brain 455 
My elocoile, 429 
Myelocytes, 315 
Myoblasts 390 

321,331.332 

Myofibrils 390-393 
Myogenesis 390 
Mvotome 392 394 395 
chick 526 


N«vi 402 
Nail bed 403 


Nail fidd 403 
folds 403 
matnx, 403 
plate, 403 
Nads 403 
anomalies 404 
Nares external 480 
postenof 483 
Nasal bone 383 

concht 381,483,484,485 
I passages, 382, 480, 482 


pits, 179 

process lateral 179 480 
median, 179 480 
Pi/r 554 


sinuses 485 

Nasmyth s membr me 194 
Naso lacnmal duct 496 
groove 496 
Naso turbmal 484 
Navel 137 • 

Neck 175 \l<> 177 
anomalies, 177 
chick. 549 
muscles 395, 396 
of spermatozoon, 34. 35 
origin of, 104 
Noonillium 447 449 
Nephrogenic cord 268 
Nephrostomc 266 
Ncphrolomc 9S 
chick 515 526 
Nerve or Nerves, 458 
abducens 467 
acoustic, 464 
anomalies 471 
axillary 462 
cells, 414 

neuron doctrine 421 
ccrebro spinal 460 462 
cochlear 466 
cranial 462 
chick, 547 
PiR 556 

endings, free, 478 
facial, 468 
femoral, 462 
fibers, 458 

functional classification 


layer, of retina, 464, 49 1 
myelinated 421 
neuron doctrine, 421 
unmvelinated 431 
fibrils 416 

fifth, spinal tract 437, 468 
glossf^haryngeal 469 
hypoglossal, 467 
laryngeal recurrent 339 
Iingwd 469 
lumbar, 463 
mandibular 468 
maxillary , 468 
median 462 
motor somatic 466 
musculo cutaneous 462 
obturator 462 


Nerve or Nerves 
oculomotor, 466 
olfactory , 463 
ophthalmic, 4G8 
optic 463, 491 
origin 97 
I per0ne.1l, 462 
plexuses 462 
radial, 462 
sacral, 462 
sciatic, 462 
sensory , 462 
somatic, 459 466 
spinal, 418 460 
accessory , 469 
dorsal root, 418 460 
P»K. 557 
rami 461.4^2 
ventral root 416,460 
terminal 463 
tibial 462 
tooth igs 
tngemmil 468 

sjnnal tract of, 437, 468 
trochlear, 467 
tympanic, 469 
ulnar 462 
vagus 469 
\ estibular, 
visceral 459 467 
Nervous layer of retina, 489 
system central 413 
chick 522. 531 547 
growth of 10 
in vertebrates 97 
morphogenesis 422 
P>5 555 . , ^ 

cerebro spinal 460 402 
in mtegr ition 17 
penpheral 458 
growth of, 10 

rble of m dev elopment 
and differentiation, 16O 
sympathetic, 471 
tissue 16 

histogenesis 413 
Neural crest, 413, 417 
folds 413 
chick 512 
ongin, 103 

PJg 550 

groove 95 413 
chick 512, 514 
lobe, 205 
plate 95 4*3 
amphibian, 67 
Amphioxus 64, 65 
bird 71 
chick, 512 
mammals, 73 
tube 97.413 
chick, 514 
derivatives 434 
differentiation of, 422 
in bram 429 
in spinal cord 424 
layers, 415 423 
limiting membranes 414 
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Neural tube, origin, 103 
plates, 423 
strips or bands 423 
supporting elements, 419 
Neurcntcnc canal, 94 
Neurilemma, 421 
sheath, 421 
Ncurobiotaxis 429 
NcurobUsts 414 
differentiation of, 415 
Neurofibnlla: 416 
Neuroglia cells, 414 419 
Neuromcrcs, 398, 435 
chick 522 
P’K 556 

Neuromuscular mechanism, de 
velopment, 104 
spindles, 479 
Neurons, 414, 415 
afferent, development ©£4417 
doctnne 421 

efferent development of, 416 
functional, classification 459 
olfactory, 463 
Neuropore, antenor, 422 
chick 514 
posterior, 422 

Neurotendinous end organs. 


, 479 

Neurula 96 
Neutrophils 315 
Nipple 410 
supernumerary 41 1 
Nodose gonglion 471 
Nodules, cortical 360 
lymph of mtestine 225 
Nodulus cerebelli, 441 
Non rotation of intestine, 226 
Normal variations, 172 
Normoblasts 313, 314 
Nose 480 
anomalies 485 
development, 104 179, 180 
Notochord 55 97 372 
ongm 55 

amphibian 67 
Amphioxus, 64 
birds 71 

chick 509 512, 514 
mammals 73 
man 95 
rfile 55 

Notochordal canal 93 
plate chick 51 1 
man 95 

Nuck s diverticula, 302 
Nuclear membrane of ovum 29 
Nucleolus of ovum, 29 
Nucleus ambiguus 469 470 
caudate, 449 
cerebral, 430 
cleavage 50 
cochlear, 440 
cuneatus, 437 
dentate 442 
gracilis 437 
lenticular, 449 „ 

mesencephalic, 442. 44*> 


Nucleus motor, 439, 443 
of ficiil nerve, 468 
of tngemtnal nerve. 468 
of VIRUS nerve. 470 
of myelcnccphalon, 437, 436 
of nervous system, 430 
of ovum, 29 
oltvmrj, 437 
pontine 440 
pulposus 372, 373 
rctl, 441 

senst^, of fifth nerve, 439 
terminal, 437 
vestibular 440 

Nutrition, hcmotmpluc 125 I 
histotrophic, 12s I 

Nutritional factors in growth' 
rate, ll 


OnUQUi vein of left atnum, 

328. 150 

Obturator foramen 388 
membrane, 388 
nerve a 62 
Occipital bone 381 
lobe, 451 

Oculomotor nerve 466 
ptff. 11<» 

Odontoblasts 195 
Olfactory bulb 449 
epithelium, 480, 483 
lobes. 449 
nerve, 463 
pifl. 55(» 
neurons 403 
pits 480 
chick, 548 
pis ,554. 557 
placode 480 
tract 449 

Ohgodendroglia, 414, 420 
Oligohydramnios 109 
Olivary nuclei 437 
Omental bursa, 245 561 
secondary fusions 249 
Omentum, greater, 245 
lesser, 249, 253 
pig. 56> 

Ooesde, prunary, 24 
secondary, 27 
Oogenesis 22, 23 
compared with spennatogen 
esis 22 
Oogoma, 23 
Odphorus cumulus, 25 
Ootid 27 

Ophthalmic nerve 46S 
Optic chiasma, 464 
cup 486, 487 
chick 533 

differentiation of 487 
pig 557 
nerve 463, 491 
stalks 486 
tracts 464 
veside 486, 488 
chick, 514 522 


Ora serrata 489 
Oral foisa, 188 
glands 199 
anomalies 201 
membrane 188 
Organ. 175 

abnormal location, 173 
Corti s, 500, 50J 
enamel, 192 
functional penod, 17 
fusion 173 
genital, 283 
growth of, 10 
gustatory 479 
Jacobson s, 483 
misplacement, 173 
prelunctional penod, 17 
region of formation, 159 
sense 183 478 
cluck 522 533 547 
development, 103 
piR. 557 
spiral 500,501 
splitting of, 173 
systems 17 s 
growth ot, 10 
iinnary 265 
vomcro*nasal, 483 
Organism, 175 

: Organization center, 164, 165 
Organizers, 163, 164 
pnmary 165 
m twinning, 167, 168 
Organogenesis 175 187 
Organoids, 29 
Ossicles auditory , 501 
Ossification, centers ot, 369 370 
endochondral, 367 
uitracartilaginous 367 
inlramembranous, 366 
of carpus 387 
of chondrocranium, 380 
of clavicle, 386 
of coccyx 375 376 
of ethmoid bone, 381 
of femur 388 
of fibula 388 
of hip bone 387 
of humerus, 387 
of hyoid bone 385 
of ilium 388 
of incus, 384 
of ischium 388 
of lacnmal bone, 383 
of malleus 384 
of mandible 384 
of maxilla, 384 
of raetacarpals 387 
of metatarsus 388 
of nasal bone 381 
of occipital bone 381 
of palate bones 384 
of patella 388 
of phalanges 388 
of pubis, 388 
of radius 387 
of nbs 376 
of sacrum 37S 376 
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Ossification of scapula, 386 
of skull, 380 
of sphenoid bone 381 
of stapeb 385 
of sternum 378 
of tarsus 388 
of temporal bone, 383 
of tibia, 388 
of ulna 387 
of vertebra; 374 
of vomer 383 
of gomatic bone, 383 
penchondral 367* 369 
penosteal, 367, 3^9 
Osteoblasts, 366 
Osteoclasts, 367 
Osteocranmm, 379 
Otic ganglion 472 
vesicle 498 
chick, 534, 547 
Otoconia 501 
Otocysts 497 
chick 534 
P’f: 557 

Otolithic membrane 501 
Ovarian artery, 342 
cjcle changes m mammar> 
gland during, 146 
hormonal control of 151, 

152 

follicle dunng estrous cjcle, 
^43 

dunng menstrual c> cle 

hormones 148 
in ovarian c\cle, 151 
m utenne cycle, 152 
pregnancy X2i 
\€m 354 
Ovary 21 
anomalies 292 
cortex pnmary, 290 
secondary 2gi 
dermoid sts, 292 
descent of 300, 302 
diflerentiatjon of, 290 
follicles 23-25 292 
hormonal influence of hy 
pophysis on 147 
on uterus 148 
and hj pophy sis 147 
hormones of and hormones 
of hypophysis interplay 
of 151 

ligament of, 298 
mediastinum 291 
medulla permanent, 291 
pnmary, 290 
Pfluger’s tubes 291 
rete 290 294 
septula 291 
teratoma 292 
tunica albuginea, 291 
Ovulation 40 

hormones in, 147 151 
in human, 40 
in rabbit 42 
and sheep 41 


Ovulation in sow, 43 
proi oked, 40 

relation to menstruation, 43, 

113 

and pregnancy, 145 
time of, 43, 113 
Ovum 21,29 
aging of, 157 ^ 
axiation of, 156 
bilateral symmetry, 156 
ccntrolecithal, 31 
cleavage 50, 85 56. *58 See 
also C/«itage 

companson with spermato- 
zoon 36 
cytoplasm 29 
determinate 160, 161 
deutoplasm, 29 
fertilization 47 
formation 22 23 
holoblastic 56 
human, 31 
implantation 116 

m mammals, depth of, 87 
site. 120 

anomalies, 121 
types of, 87 
m experiments, 156 
indetcmiinatn e i(>o 161 
initiation of development, I57 
interpretation of early stages 

*56 

isolecithal 30 
life cycle, 24 
locomotion of, 41 
maturation of, 22, 26-29 
m human 29 
membranes of 31 
meroblastjc, 57 
mosaic iCo 161 
nucleolus, 29 
nucleus 29 

organ forming regions of, 159 
in tunicate 159 
organization 1 56 
penetration of spermatozoon 
into 48 

penod of in prenatal dev el 
opment 90 
polarity 31 15O 
pereistence 157 
prelocalization in 160 
primordial, 23 
regulative 160 '161 
segmentation, 55 
size 29 
structure 29 
telolecithal, 30 
transport of to uterus 41 

117 

time required 117 
type in different vertebrates 
74 

unincubated of chick 508 
viability and longevity, 44 
after fertilization 115 
vitelhne membr^e, 31 
yolk 29 


Pains, labor, 137 
Palate, 201, 202 
anomalies 204 
bones, 384 
cleft, 182, 204 
hard 202 
muscles 398 
premaxillary, 481 
soft 203 

Palatine arches, 202 
gland, 201 

processes lateral, 202 
median, 203 
tonsils 211,212 
pig. 559 
Pallium, 447 
Pancreas, 230 
acini, 232 
anomalies 232 
chick 548 
dorsal 231 

islands (of Langerhans), 232 
lobes and lobules, 232 
mesenterial fixation, 251 
pJg 

ventral 231 
Pancreatic duct 232 
accessory, 232 
Paper dol! fetus 107 
Papilla dental, 192, 194 
dermal 402 
hair 404 
incisive 194 
of longue, 208 
filiform, 208 
foliate 209 
fungiform 208 
vallate 208 
renal 273 

Papillary ducts of metaneph 
ros 273 

muscles of cardiac v alves, 
^ 273 333 

Parabiosis 156 
Parachordal cartilages 378 
Paradidymis 294 
Para eleidin, 400 
Paraganglia 474 
Paranasal sinuses 485 
Parasite, 171, 172 
Parathy roid glands 211 214 
anomalies 214 
pjg 559 

Para urethral ducts 282 
Parenchyma of liver, 227 
Parietal bone 383 
decidua 125 126, 138 X40 
lobe 451 
pleura 241 

Paneto occipital fissure, 452 
Parolfactory area, 450 
Paroophoron 294 
Parotid glands 200 
Pars cceca retin® 489 
cilians retin$ 489 
convoluta of kidney, 274 
intermedia of hypophysis, 205 
indica retina; 489 
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Pars optica 446 489 
radiata of kidney, 273 
tuberahs of hypophysis, 205 
Parthenogenesis, 47 
artificial 157 
Parturition, 136 
anomalies, 139 
Patches, Peyer s, 225 
Patella, 388 

Peduncles cerebellar, 439, 440 
cerebral 439 443 
Pelvis renal, 271 
Perns 303 304 

anomalies 303, 306 
corpora cavernosa 305 
Perforated substance anterior, 
of brain, 450 
Pcncardnl cav ity, 255 

piR 561 

Penc irdium, 244, 262, 263 334 
incomplete 264 
Perichondral ossification 367, 

369 

Perichondrium 365 
Periderm 40Q 
Perilymph sjiaces, 502 
Penneal body, 280 
muscles 396 
Penneum 278 280 
Period of embrj 0 90 
cleavage 90 
completion 103 
with somites, 97 
of fetus 105 
of gestation 116 
of ovum 90 

Penodontal membrane 396 
Penoste tl ossificatioa 367 369 
Periosteum. 369 
Peripheral lymph sinus 359 
lymphatics, 338 
nervous system, 458 
growth of JO 
Pentoneal cavity 256 
pig s6i 
sac lesser 245 
Peritoneum 244 
Peroneal artery 344 
nerve, 462 

Perpendicular plate 381 
Petrosal ganglion 469, 472 
sinus, inferior, 350 
superior 349 
Petrous bone 383 
Peyer s patches 225 
Pfluger t. tubes 291 
Phalanges 388 

Phallic portion of urogemtal 
sinus 280 
Phallus 287 304 
glans of 287 
Pharyngeal bursa 216 
hypophysis, 206 
membrane 188 

chick 514 523 535 
muscles, 398 
pouches 176 209, 559 
chick 523 535 54° 


Pharyngeal pouches denvalivcs 
209, 217 
P>R. 559 
recess, 217 
tonsil, 216 

Pharynx, 97, 206, 216 
chi^k, S35 

denvntives 206,217 
„ 557 

Philtrum, 181 
Phocomdus 18^ t86 
Phrenic nrlcij inferior, 342 
Phj stcocheminl ( ictors in ex 
penmcntnl embryology, 135 
Pia irichnoul 423 
Pig, cleavage m, 61 
embryonic disc of, 73 
embryos, 550 See ilso Cm 
P‘£ 

Pigeon, cleavage in 60 
Pigment granules of hair, 405 
of skin, 401 
layer of retina, 489 
Pineal body, 444 
Pit auditory , 497 
chick 523 
nasal, 179 
olfactory, 480 
chick 547 
P‘K 554.557 
postanal, 184 
pnmitive 71 
chirk 510 

Pituitary body , 147, 204 
hormones 147 
Placenta 77 83, 128 
accessory 135 
activities of 136 
anomalies 134 
chono allantoic, 88 
circulation in 133 134 I35 
intervillous 134 135 
classification of ty pes 83 
detachment, at childbirth 

137 138 

development 122 
endothelio chonal 86 
enzymes 136 
cpitheho choml, 84 
expelled, character of, 138, 

139 

fetal 130 
surface 138 
fibnnoid material, 133 
fused of twins 135 
growth of 134 
hemo chonal 86 
heroo endothelial 87 
hormones 136 150 
infarcts 134 
intervillous space of, 122 
labyrmtbine 86 
mammals 83 
maternal 133 
surface 138 

mature 134 j 

ongm 122 128 129 I 

physioI<®r, 135 I 


Placenta prajvia 121 
relation of adv anced fetus to 

137 

septa, 132 
size ind shape 83 
, structure, 84 85 
summary of facts, 140 
sy ndesmo chonal, 86 
type, 83 86 88 
villous distribution 83 88 
yolk s.ac, 81, 83 88 
Placental membranes, relation 
of advancctl fetus to, 137 
sign 114 
Placcntalia, 55 
Phccntntion, 117 
Placodes 414 471 
auditory, 497 
chick, 522 
dorsolateral, 471 
epibranchtal, 471 
lens 486 
chick 522 
olfactorv 480 
PhgtoceplnU , 386 
Plasm gtrm, continuity of 5 
Plasticity, loss of, after deter 
mination 163 

of parts pnor to determioa 
tion J62 

Plate alar 423, 430 436 439 

442.443.444.447 

basal 133 37«,423 4=9 436. 
^439 

chonomc 130 
closing pharyngeal, 210 
chick 535 
cnbnform 383 
cutis 402 
end motor, 390 
floor 419 423 429,436,439 
muscle 392 
nad 403 

neural 64, 65, 67, 95 413 
birds 71 
chick ^12 
mammals 73 
notochordal 93 511 
perpendicular, 381 
roof 423 436, 439 442 447 
Platelets blood, 315 316 
Pleura 244 
parietal, 24X 
visceral 241 
Pleural canals 255 
pig 561 

cavity 241 260 
Pleuro pericardial membrane 
257 260 

Pleuro pentoneal membrane 
257, 261 

Plexus brachial, 462 
pig 557 
cervical 462 
chonoid 436 444, 455 
lumbo sacral, 462 
pig 557 
nerve 462 
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Plexus, pre^erteb^al, 473 
Plica semilunans 495 
Plug, mucous io~ 

Polar bodies, 26 31 
Polant% of o\um 31 15^1 ^57 
Pole ammal, of o\um 31, 156 
vegetal of ovum, 31 156 
Poloc>tes 26 
Po^dactjlj, 1S5, lS6 
Pol\ h\ dramnios, 109 
Poh spermj , 49 
Pons 432 439 
pig 556 

Pontine flexure, 434 
nuclei 440 
Popliteal arterj 344 
Portal intestinal 187 
chick 514. 534 
vein 228,347 
pig 5f)6 

Postanal gut rgo 
pit 184 

Postcardinal veins 319 351 
transformation of 3 so 

Postcostal anastomosis, 340 
Postenor commissure 305, 444 
I> mph sacs 358 
Postnatal dev elopment i,7. 9 
growth changes 9 
Potenev concept of, I Co 
Pouch branchial 209 
pharyngeal, 176, 209 558 
chick 523 535 548 
^Pig 559 
Rathke s 190, 204 
chick 535 
„ P‘8 557 
Seesbcls 217 

Precardinal veins, 319 349 
transformation of, 349 
Precartilage 365 
Preformation doctrine of, 4 
Pregnancy abdominal 121 
corpus lutcum of 43 
duration of 115 
ectopic, 121 
endometrium in 125 
extra utenne, I2t 
Fnedman test for reaction! 

of Ovanes, in 150 | 

mammary gland in 147 j 
multiple 170 ' 

ovarian 121 

relation to ovulation and. 

menstruation 145 
termination of premature 139 
tubal 121 

uterine mucosa in 125 
Prelocalization 160 
Premature birth 139 
Premaxillary palate 481 
Prenatal development, i, 90 
growth changes 9 
period of embrvo 00 
of fetus 105 
of ovum, 90 
reference table of, oppo 
site p 104 


Prepuce, 304 
of chlons, 305 

Presomite penod of human 
embryo 95 96 
Prev ertcbml plexuses, 473 
Pnckle cells, 400 
Pnmates 33 
cleav age 10, 63 
Pnmitn e body plan, 97 
choanm, 201 481 
cloaca, 278 
cerlom 254 
genital ducts, 285 
groove 71, 310 
gut 187, 188 
knot 71, 73» 5*0 
mesenchvmal cells denva 
tivcs of, 3»4 
mesentery , 244 245 
pit 71 510 
cegmeots 97 
chick 515 
strcik birds 70 71 
cluck, 70 509 310, 514 
mammals, 72 
man 93 
pig 550 

vascular system 316 
Pnmordial germ cells, 21, 285 
ovum 23 
Pnmordmm, 15 
lens 486 

Pnsms enamel 194 
Proamnion chick 313,514 
Process coracoid 386 
costal 373 
fronto nasal 179 
head “1,73 93 
chick, 5H 

mandibular, 179, 383, 384 
P>K. 3a4 
mastoid 383 
maxillary 179, 384, 480 
P>K 554 

nasal lateral 179 480 
median, 179, 480 
pig 554 

palatine lateral 202 
median 203 
pterygoid 381 
styloid 383 385 
Tomes 194 
vaginal 300 
vennifonn 224 
Processus vaginalis, 300 
Proctodeum, 189 
cluck 548 

Progesterone 148 149 
in placenta 150 
Prolactin 153 
Proliferation cdl 6 
penod of, 22 
endometnal, 145 
Pron^hne ducts 266 267 
chick 526 336 
glomeruli 266 
tubules 26G 
chick, 526 


Pronephros, 265, 266 
summarv concerning, 277, 
278 

Pronucleus, behavior of, 49 
female 27, 50 
male 50 

Proper ligament of ovary 298 
Prosencephalon, 431 
chick 322 
Prostate gl ind, 282 
Prostatic urethra 2Sr 
1 utncle, 297 

Protoplasmic astroevtes, 420 
Proximal conv olutcd tubule 

275 

Pseudocopulation 44 
Pseudo hermaphroditism 306 
Ptcrvgoid process 381 
Puberty hormones in, 153 
Pubis 388 

PuJmomn See also Lu>ij;s 
arches, 338 
arteries 338 
ongm 330 
P‘B 5f>3 

ncige (of Mall) 260 
tree brandling of, 237-240 
veins, 329 353 
Pulp cords of spleen 360 
dental 195 
enamel 192 
Pulpy nuclei 373 
Pupil of t\e, 488 
Pupilhrv membrane, 494 495 
persistent, 497 
muvelob 49 j 
Purkmje fibers 392 
Py ramids of medulla oblongata, 

438 

renal 273 


Quadrvtc lobe of liver, 230 
Quadruplets 170 


Rauoit cleav age in 60 
Rachischisis 184 375, 429 
Radial artery , 344 
nerve 462 

Radntional factors m expen- 
I ment d embry ology 135 
Radius 387 

Ramus commumcans, 462 


473 
white 473 
dorsal 461 
ventral 462 

terminal divisions 462 
Raphe of my elencephalon 438 
of palate 203 
of scrotum 304 
Rathke s pouch 190, 204 
chick 535 
„ P‘g 5o7 

Rays cortical of kidney, 273 
medullary, of kidney, 273 
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Pars optica 446 489 
ridnta of kidney, 273 
tuberilis of hypophysis, 205 
P irthenoRcnesis 47 
'irtificial, 157 
Pirtuntion, 136 
anom'ihas, no 
Pitches, Peyer s, 225 
Patella 388 

Peduncles ccrcbclhr, 439, 440 
cerebral, 439 443 
Pelvis renil, 271 
Penis, 303 304 
anomalies 305, 306 
corpora ci\cmosa, 305 
Perforated sub^tince, anterior, 
of brim 450 
Pencirdnl cavity, 255 
pig 561 

Pericardium 244 262, 263 334 
incomplete 26.^ 

Pcnchondral ossification 367, 

369 

Penchondnum, 365 
Penderm, 400 
Penlymph spaces 502 
Penneal boa> 280 
muscles 396 
Penneum, 278, 280 
Period of embryo, 90 
cleavage 90 
comiiletion, 103 
with somites 97 
of fetus los 
of gestation, It6 
of ov um 90 

Penodontal membrane, 196 
Penosteal ossificition, 367, 3(19 
Penosteura 369 
Peripheral ly mph sinus, 359 
lymphitics 358 
nervous system 458 
growth of 10 
Peritoneal cavity, 256 
pig 561 
sac lesser 245 
Pentoneum, 244 
Peroneal artery, 344 
nerve 462 

Perpendicular plate, 381 
Petrosal ganglion 469 472 
smus infenor 350 
superior, 349 
Petrous bone, 383 
Peyei s patches 225 
Pfluger s tubes 291 
Phalanges 3^8 , ^ , 

Phallic portion of urogenital 
sinus, 280 
Phallus, 287 304 
glans of 287 
Pharyngeal bursa 216 
hypophysis 206 
membrane 188 

chick 514 523 535 
muscles 398 
pouches 17® 559 

chick, 523. 535 548 


Phiryngcifpoiiches dcnvntivcs 
209, 217 
P>B. 559 

TCCCSS, 217 

tonsil 216 

Pharjnx, 97, 206, 216 
chick, S3S 

demitivcs 206,217 


Phocomeliis 185 186 
Phrenic artcrj infcnor, 342 
Physicochemical factors m ex 
penmcntil embryology 135 
P11 arachnoid, 423 
Pig, clcivnpe in 61 
embryonic disc of, 73 
embrj os 550 See also Lm 
bryo ptfi 

Pigeon, cleavage in, 60 
Pigment granules of hair, 405 
of akin, 401 
layer of retina, 489 
Pineal body, 444 
Pit, auditory, 497 
chick, 523 
nasal, 179 
olfactory, 480 
chick 347 
pig. 554. 557 
postanal, 184 
primitive 71 
chick 510 

Pituitary body, 147,204 
hormones 147 
Placenta 77 83 128 
accessory, 135 
activities of 13C 
anom dies, 134 
ehono allantoic 88 
circulation in, 133 134,135 
intervillous, 134, 135 
classification of types 83 
detachment at childbirth 

137 138 

development, 122 
endotheho chonal, 86 
enzymes 136 
epitheho chonal 84 
expelled character of, 438 

139 

fetal 130 
surface J38 
fibnnoid material, 133 
fused of twins 135 
growth of 134 
hemo chonal 86 
hemo endothelial 87 
hormones 136 150 
infarcts 134 
intervillous space of 122 
labynnthine 86 
mammals 83 
maternal 133 
surface 138 
mature 134 
ongin 122 128 129 
physiology 135 


Placenta previa iri 
relation of idvanccd fetus to, 
«37 

septa, J32 
size and shape 83 
structure 84 83 
summary of facts, 140 
syndesmochorial 86 
type, 83 86 88 
villous distribution 83,88 
yolk sac, 81 83 88 
Phcental membranes relation 
of advanced fetus to 137 
sign 114 
Dacentaln, 55 
riaccntation n? 

Placodes 414 471 
auditory 497 
chick 522 
dorsolateral 471 
cpibranchial, 471 
lens 486 
chick 522 
olfactorv , 480 
Plagioceplnly, 386 
Plasm germ continuity of 5 
Plastintv loss of, after deter 
mination 163 

of parts pnor to detcrmina 
tion 162 

Date alar 423 430 436, 439, 
442.443.444 447 
basal 133 378,423,429 436, 
^439 

chononie 130 
closing pharyngeal, 210 
chick 535 
cnbnform 383 
cutis 402 
end, motor, 390 
floor 419 423 429.436.439 

muscle 392 
nail 403 

neural 64, 65, 67, 95 413 
birds 71 
chick ^12 
mammals 7^ 
notochordal 95 51 1 
perpendicular, 381 
roof 423 436.419 442 447 
Platelets blood, 315 316 
Pleura 244 
panetal, 241 
visceral, 241 
Pleural canals, 255 
pig 561 

cavity, 241 260 
Pleuro pencarduil membrane, 
257 260 

Pleuro peritoneal membrane 
257. 261 

Plexus brachial 462 
pig 557 
cervical 462 
chonoid 436 444 455 
lumbo sacral 462 
pig 557 
nerve 462 
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Plexus pre% trtebnl, 473 
Plica scmilunans 495 
Plug, mucous 127 
Polar bodies 26 31 
Polant\ of o\um, 31 156, I57 
Pole animal of oxum 31, 156 
\egetal of ovum, 31, 156 
Poloc>tes 26 
Poljdact)!}, 185, 186 
PoU h> dmmnios, ioq 
Pol> spermj 49 
Pons 432.439 
piR 556 

Pontine flexure, 434 
nuclei 440 
Popliteal artcrj 344 
Portal intestinal 1&7 
chick 514, 534 
vein 22b, 347 

pig 

Postanal gut, 190 
pit 184 

Postcardinal veins 319 351 
transformation of 350 
Postcostal anastomosis, 340 
Posterior commissure, 305, 444 
Ivmphsacss 358 
Postnatal development, 1, 7, 9 
growth changes 9 
Potenc>, concept of, iGo 
Pouch branchial 209 
pharvngcal, 17G, 209 558 
chick 323 535 548 
« 559 

Rathke s 190 204 
chick 535 
pig S57 
Seessel s 217 

Precardinal veins, 319 349 
transformation of 349 
Precartilage 365 
Preformation doctrine of, 4 
Pregnanev abdominal 121 
corpus luteum of 43 
duration of, 115 
ectopic, 121 
endometrium in 125 
extra utenne 121 
Fnedman test for reaction 
of Ovanes in 150 
mamm-irj gland m I47 
multiple 170 
ovanan 121 
relation to ovulation and 
menstruation 145 
termination of premature 139 
tubal 121 

utenne mucosa m 125 
Prelocahration 160 
Premature birth 139 
Premaxillar> palate 481 
Prenatal development i, 90 
grow th changes 9 
penod of embryo 90 
of fetus 105 
of ov um 90 
reference table of oppo 
Site p 104 


Prepuce, 304 
of chtons, 305 

Presomite penod of human 
embrjo 95 96 
Prev crtebnl plexuses 473 
Pnckle cdlb, 400 
Pnmates 53 
cleav ape in, 63 
Pnmitive bodv plan, 97 
choanx, 201 481 
cloaca 278 
«elo*n 254 
genital ducts 285 
groove, 71, 510 
gut 187, ib8 
knot 71.73 5W 
mesenchvmal cells denva 
tivci 314 
mesenterv, 244, 245 
pit 71 510 
segments 97 

chick 51s 
streak birds 70 71 
chick, 70 509 510, 514 
mammals, 72 
man 93 
P>R 550 

vascular system 316 
Primordial germ cells, 21 285 
Ovum 23 
PnmorOium, 15 
lens 4b6 

Pnsms, enamel 194 
Pfoamnion chick, 313 S14 
Process cor icoid, 386 
costal 373 
fronto nasal 179 
head 71. 73 93 
chick, 51 1 

mandibular, 179, 383 384 
P'R. S54 
mastoid 383 
maxilJary 1 79, 384, 480 
P»K 554 

nasal lateral 179 480 
median, 179, 4bo 
P»K 554 

palatine lateral, 202 
median, 203 
ptervgoid 381 
styloid 383 385 
Tomes , 194 
vaginal, 300 
vermiform 224 
Processus vaginalis, 300 
Proctodeum i8g 
chick 548 

Progesterone 148 149 
in placenta, 150 
ftolactin I S3 
Proliferation cell, 6 
penod of 22 
endometrial 145 
Pronephne ducts 266 267 
chick 526 536 
glomeruli 266 
tubules 266 
chick 526 


Pronephros 265 266 

summary concerning, 277 
278 

Pronucleus behavior of, 49 
female 27, 50 
male 30 

Proper ligament of ovary, 29b 
I Prosencephalon, 43* 
chick 522 
Prostate gland, 282 
j Prostatic urethra 281 
I utncle, 297 

Protoplasmic astrocytes, 420 
Proximal convoluted tubule 

275 

Pseiidocopuhtion, 44 
Pbeudo hermaphroditism, 306 
Ptervgoid process 381 
Puberty , hormones, in 1 53 
Pubis 38b 

Pulmonary See also Lungs 
arc} es, 338 
artenes 338 
ongin 330 
P’g 5f>3 

ndge (of Mall) 260 
tree, branching of, 237-240 
veins 329 355 
Pulp cords of spleen, 360 
dental >95 
enamel, 192 
Pulpy nuclei 373 
Pupiiofevc 488 
Pupillary membrane 494, 495 
persistent, 497 
muscles 495 
Purkin3e fibers 392 
Pyr imidsof medulla oblongata, 
43i> 

renal 273 


Qladratf lobe of liver, 230 
yuidruplels >70 


Raubit (Icavagein 60 
Rachischisis 184, 375, 429 
Radial artery 344 
nerve 462 

Radiational factors m cxperi* 
I ment d embryology , 1 35 
I Radius 387 

Ramus commumcans 462 
i 473 

I white, 473 
dorsal 461 
I ventral, 462 

terminal divisions 462 
Raphe of mj elcncephalon 438 
of palate 203 
of scrotum 304 
Rathke s pouch 190, 204 
chick 535 
„ P'g 557 

Rays cortical of kidney, 273 
medullary , of kidney, 273 
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Reading, collateral, recommen 
dations for, 20 
Recapitulation theory of, 18 
Recess, lateral, of fourth ven 
tncle, 436 


pharyngeal 217 
Rosenmullcr’s 217 
Recessive characteristics, 52 
Recombination 156 
Rectum 189,224,279 

5G1 

Recurrent larjngeal nerves ^39 
Red blood cells, differentiation 
of. 313 

corpuscles, 315 
bone marrow, 367 
nucleus 443 
Rcductional mitosis, 28 
Reference table of correlated 
human development, jactng 
106 

Regulative development, 161 
ovum 160 i6t 
Reichert s cartilage, 384 504 
Red s island, 432 
Reissner s membrane 502 
Renal See also Ktdney 
artery, 342 
vein 3^3 

Repetitions ancestral, 18 
Replacement bones 367 
Reproductive cycles 142 
hormonal control of, 
period total, hormonal con 
trolof 153 
Reptdes, 55 
fetal membranes 78 
Reserve elements, i6 
Residual lumen of hypophysis 
205 

Respiratory system, 235 
chick, 548 
origin 97 
pig 557 , 

tree branching of, 237-240 
Restiform body 437 
Rete ovani 29O, 294 
testis 288 

Reticular formation 435 436, 
439 

tissue 363 

Reticulo endothplium 316 
Retina, 488 

ganglion cell layer 490 
layers of 489 490 
limiting membranes 490 
nerve fiber layer 464 491 
nerv ous layer 489 
pigment layer, 489 
rods and cones 49° 
supporting cells 490 
Retroperitoneal lymph sacs 
358 

Reversions, ancestral, 19 
Rhinal fissure 451 

Rhinencephalon 44® 45^ 

Rhombencephalon, 43*. 437 
chick 522 


Rhombic grooves, 435 
fip. 437 

Rhombmdat sinus, chick, 522 
Rhombomercs, 435 
Ribs, 376 
anomalies, 377 
cervncal, 377 
pnmordia, 373 
Ridge, genital 269, 284 
piR. S<>« 
mammary 409 
PiR 555 

mesonephric 269 
pulmonary (of Mall), 3C0 
urogenital 269 284 
Ring of spermatozoon, 34 
Rod cells of retina, 490 
Rolando s fissure, 452 
Roof plate, 423, 436, 439, 442, 

Root^ of spinal nerve, 

418, 460 
of longue 206 

ventral, of spinal nerve 416, 
460 

Rosonmullcr s recess 217 
Rotation of mtcslmc, 221, 222 
of stomach 220 
Round ligament of uterus, 299 
RufTmi's terminal cylinders 

479 

Rupture of fetal membranes at 
birth 137 
of follicle 40 


Sic. allantoic, 79 
aortic 336 

chonomc type of, in mam 
mats 84 
dental 195 
eodolyanph 498 
lymph. 358 
jugular 358 
postenor 35S 
retroperitoneal 358 
pentoneal lesser 245 
vaginal 300 

yolk 77 78, 79, 80 9*. 107. 
140 

chick 548 

pig 551 

Sacculus 498 499 
Saccus vaginalis 300 
Sacral artery middle, 335 
nerves 462 
Sacrum 375 376 
Sagittal smus uifenor 330 
superior 350 
Salivary ducts 199 
glan^ 199 
anomalies 201 
Santonm s duct 232 
Saphenous veia great 355 
small 355 
Sarcolemma 393 
^rcoplasm 393 
Sauroid blood cells 313 


Scala tympani, 502 
vcstibuli S02 
Scaphoceplialus, 386 
Scapula, 386 
Schicmm s canal, 495 
Schwann s sheath, 421 
Sciatic artery, 344 
nerve, 462 
Sclera, 494 

Scleral venous sinus, 495 
Sclerotome, 372 
chick, 526 
Scrotal raphd, 304 
septum 304 
Scrotum 304 
ligament of 300 
Sebaceous cysts 40S 
glands 405, 407 
anomalies 40S 

Secretory tubules of kidney, 

271,274.276 

Sections chick of five seg 
ments, 512 

of bead process stage 51 1 
of pnmitive streak stage 

of seven segments, 517 
of seventeen sclents 527 
of three to four days 54® 
of twenty seven sclents 
537 

pig eighteen mm , 582 
61^ mm , 551 
ten mm , 566 
thirty five mm , 385 
Seessel s pouch 217 
Segmental zone chick 515 525 
Segmentation of body, 97 
of ovum 55 
of vertebrate head 398 
Segments mesodermal, chick, 
5»* 514 
man 96.97 
pig 550 551, 555 
muscle 97 
primitive 97 
chick 515 
Semen 45 

Semicircular ducts, 498 
Semilunar ganglion, 468 
valves 331 

Seminal colliculus 281 297 
fluid 45 

vesicles 282 294 
Semination 44 
Seminiferous tubules 288 
Sense organs 183 478 
chick 522 533 547 
establishment, 103 
pig 557 
Sensory epithelium 413 
nerves 463 

nucleus of fifth nerve 439 
Septa placental 132 
Septula of ovary, 291 
of testis 289 
Septum atnal, 327, 329 
buloar 330 
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Septum cloacal 279 
interatnal 329 
intcrventncular 330 
incomplete, 334 
median of spinal cord, 425 
of tongue, 208 
membranaceura, 330 
nasal 381, 480, 482 
pellucidum 454 
space of 454 
pnmum 326 
pig 562 
scrotal 304 
secundum 327 
pig <562 
spunum 328 
pig. 562 

transiersura, 226, 229, 252, 


257 

caudal migration, 258, 260, 
338 

pig 561 
uro rectal 279 
ventricular, 330 

pig 562 

Serosa 79 244 
Sertoli s cells 32, 288 
Sesamoid bones, 371 
Se\ cells 21 

differentiation of, 22 
discharge and union of, 4( 
croivth of, period of, 22 
female 21, 29 
male 32 35 
maturation of, 22 
ongm of 21 
chromosomes 53 
determination 53 
genic balance theorj , 292 
hereditv and 51 
reversal basis of 292 
Sevual transformations, inter 
nal 287 

Sheath cells of ganglia, 421 
connective tissue, 404 
epithelial, 193 405 
hair 405 
medullary 421 
myelin 421 
neunlemraa 421 
Schwann s 421 
Shoulder elev ation, congenita 
186 

Siamese twins 172 
Sigmoid mesocolon 252 
Sinus cav emous, 349 
cervical 177 
pig 554 
coronary 328 
pig 562 

valve of, 328, 333 
frontal 382 485 
l>mph 359 
central 359 
penpheral 359 
marginal 133 
maxillarj 382, 485 
paranasal, 485 


Sinus petrosal inferior, 350 
superior 349 
rhomboidal, chick, 522 
sagittal infcnor, 350 
superior 350 
sphenoidal, 381, 485 
I splenic, 360 
I straight 31^0 

terminal chick, 522 
transverse 380 

of pericardium, 334 
urogenital, 189 279 561 
pg 5^* 

venosus 323 325 327 
chick, 524 535 
pig 562 
scleral 495 
vahesof 328 
Sinusoids of lucr, 227, 346 
Situs inversus 226, 242 
Size changes in, 8, 9 
Skeletal muscle, 390. 392, 394 
system 363 
Skeleton 371 

appendicular, 386 
axial, 372 

anomalies, 385, 386 
growth 10 
histogenesis %(>^ 
morphogenesis 371 
musculature, 394 , 

Skene s ducts, 282 I 

Skin 400 

anomalies, 400 | 

derma or conum 400, 401 
dermoid cysts 402 
epidermis 400 
growth of, 10 
histogenesis 400 
papiU® 402 
pigmentation 401 
Skull 378 

anomalies 175 176,386 
branchial arch derivatives, 

383 

chondnfication 380 
development 378 
formation 175 
membrane bones, 383 
open roofed, 176 
ossification 380 
Smell oigan of, 480 
Smooth muscle, 390 391 
Sockets tooth 196 
Solitary tract 4^ 47 1 
Somatic lay er, 255 
mesoderm chick, 516 

man, 93 

nerves 459 466 
Somatopleure 78, 98 
chick 516 526 

Somite mesodemi ongm bird, 

71 

Somites, 97 103 
chick 512 
man 97 99 103 
Sow, estrous cyde m 142 
ovulation in, 143 


Space intervillous 122 125 
of septum pellucidum, 454 
penlymph, 502 

Spermatic artery, internal, 342 
cord 301 
I 'em 354 
[Spermatids, 32 

j Spermatocytes primary , 32, 53 
secondary , 32 

Spermatogenesis 22,31,33 
compircd with oogenesis, 
22 

hormone in 147 
human 33 
stages 22 

Spermatogonia, 32 288 
Spermatozoon 21, 33 35 
atypical forms 36 
axial filament, 36 
behavior at coitus 45 
companson with ovum, 36 
formation 22, 31 
in human 33 35 
life of 45 46 47 
locomotion 45 46 
maturation, 22, 33 
penetration of, into ovum 48 
storage of, 45 
structure 35 36 
transformation 22 
transport through female 
genital tract 45 
vitality within female genital 
tract 46 

Spermiogenesis, 33 
Sphenoid bone, 381 
Sphenoidal sinus 382, 485 
Spheno mandibular ligament, 

384 

Spheno palatine ganglion 472 
Sphincter anal 397 
Spma bifida 429 
Spinal accessory nerv e 469 
pig. 556 
arteries 340 
column 372 
cord 423 424 
anomalies 429 
cervical enlargement, 427 
chick 522 533 
cpcndy mal lay er 424 
external form, 427 
funiculi 426 
gray columns 426 
Commissures, 426 
Substance 426 
lumbo sacral enlargement, 
427. 428 

mantle layer, 426 
marginal lay er 426 
median fissure 425 
, septum, 425 

my elination of 427 
ongm 97 
P>8 555 556 
tracts, 426 427 
white commissures, 426 
substance 426 
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Reading, colhtcral, recornmcn 
dations for, 20 
Recapitulation thcorj of, 18 
Reccis lateral, of fourth ven 
tncle, 436 
pharyngeal, 217 
Kosenmuller s 217 
Recessive characteristics 52 
Recombination 15G 
Rectum, 189, 224, 279 
P'K. 5G1 

Recurrent laryngeal nerves, 339 
Red blood cells, dilTercntiation 

of. 313 

corpuscles 31^ 
bone marrow, 3G7 
nucleus 443 
Reductional mitosis, 28 
Reference table of correlated 
human development, fcang 
page 106 

RegiilaU\e development, l6i 
ovum, 160 161 
Reichert s cartilage, 384, 504 
Red s island, 4'52 
Reissncr s membrane 502 
Renal See aUo htdney 
artery 342 
vein 333 

Repetitions, ancestral 18 
Replacement bones 367 
Reproductive cveks, 142 
hormonal control of, 151 
penod total hormonal con 
trolof, 153 
Reptiles 55 
fetal membranes 78 
Reserve elements, 16 
Residual lumen of hypophysis 
20s 

Respiratory 8>stem, 235 
chick 548 
ongm 97 
P«g 557 

tree, branching of, 237-240 
Restiform body 437 
Rete ovani 290 294 
testis, 288 

Reticular formation, 435 436, 
439 

tissue 363 

Reticulo endothelium 316 
Retina 488 

ganglion cell layer 490 
layers of, 489, 490 
limiting membranes 490 
nervt fiber layer 464 491 
nervous laj er 489 
pigment layer 489 
rods and cones 490 
supporting cells 490 
Retropentoneal lymph sacs, 
358 

Reversions, ancestral 19 
Rhinal fissure 451 
Rhmencephalon 446 451 
Rhombencephalon 431, 437 
chick, 522 


Rhombic grooves, 435 
I»P. 437 

Rhomboidal sinus, chick, 522 
Rhombomeres, 435 
Ribs, 376 
anomihcs 377 
ccrvit-il 377 
pnmordia 373 
Ridge, f^it il, 2G9, 284 
P'S. 561 
mnmmiry, 409 
P'C, S5S 

mesonephne, 269 
pulmonary (of Mall), 260 
urogenital. 269 284 
Ring of spermatozobn 34 
Rod cells of rtlina 490 
Rolando’s fissure 452 
Roof phte 423, 436. 439, 442, 
444. 447 

Root, dorsal, of tpmal nerve, 
418 460 
of longue 206 

ventral of spinal nerve, 4!G, 
460 

Roscnmullcr s recess, 217 
Rotation of intestine 221,222 
of stomach 220 
Round ligament of uterus 299 
RufTmi s terminal cylinders, 
479 

Rupture of fetal membranes at 
birth 137 
of follicle 40 


Sac, allantoic, 79 
aortic 336 

chonomc type of, in mam 
mats 84 
dental 195 
endolymph 498 
lymph, 358 
jugular, 358 
po-tenor 358 
retropentoneal, 358 
pentoneal lesser 245 
vagina! 300 

yolk 77, 78 79 80 91 107, 
140 

chick 548 

^ pig. 551 

Sacctilus 498 499 
Saccus vaginalis 300 
Sacral artery middle 335 
nerves, 462 
Sacrum 375 376 
Sagittal sinus infenor 350 
sujienor 350 
Salivary ducts 199 
^ands 199 

anomaliK 201 
Santonni s duct 232 
Saphenous von great, 355 
155 

Sarcolenuna 393 
Sarcoplasm 393 
Saurotd blood cdls, 313 1 


Scala tympini, 502 
vcstibuh 502 
Scaphoccphalus 38G 
Scanul i, 386 
Schlemm^ cam! 495 
Schw ann s sheath, 42 1 
Sciatic artery, 344 
nerve, 4G2 
Sclera 494 

Sclcnl venous sinus, 495 
Sclerotome 372 
chick 526 
Scrotal nphe 304 
septum 304 
Scrotum 304 
ligament of, 300 
Sebaceous cysts 408 
glands, 405 407 
anomalies 408 

Secretory tubules of kidney, 

271,274 276 

Sections, chick, of five seg 
ments, St* 

of head process stage 511 
of pnmitne streak stage, 
SJD 

of seven segments, 517 
of seventeen segments 537 
of three to four days, 546 
of twenty seven se^ents 
537 

pig eighteen mm , 582 
SIX mm , 551 
ten mm , 566 
thirty five mm 585 
Scessel s pouch 3 1 ^ 

Sc?gmental aone, chick 515 525 
Segmentation of body, 97 
of ovum 55 
of vertebrate head 393 
Segments mesodermal, chick, 
5t2 5t4 
man, 96 97 
P‘g 550, 55t, 555 
muscle 97 
pnmitne 97 
chick 515 
Semen 45 

Semicircular ducts 498 
Semilunar ganglion 468 
valves, 331 

Seminal colliculus 281, 297 
fluid 45 

vesicles 282, 294 
Semination 44 
Seminiferous tubules 288 
Sense organs 183 478 
chick 522 533 547 
establishment, 103 
„ P'8 557 

Sensory epithelium 413 
nerves 463 

nucleus of fifth nerve, 439 
Septa placental 132 
Septula of ovary 291 
of testis 289 
Septum atrial 327 329 
bulbar 330 
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Telencephalon 431 44& Thoraco Rast^hisis 184 

chick 533 Thorax development 183 

pie, ccc muscles of, 396 

Telolecithal ov um 30 Thumb, development of, 184 

Temperature in growth control Thvmic corpuscles, 213 
ji Th>mus, 211 2!2 
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Temporal bone, 383 ^ 

lobe, 451 

Tendons 364 , 

Tern® of intestine 225 
Tensor tjmpam muscle 504 
Terata 17a 
Teratology 172 
Teratoma of ovarj, 292 
Terminal cjhnders of Ruffini 
479 

divisions of ventral ramus 
461 

filament of spermatozoon 35 

36 

ganglia 473 
nerve 463 
nuclei 437 
sinus, chick 522 
sulcus of tongue, 207 
Temimology, 20 
in expenmental embrjologj, 
^ >55 

Testicular hormone, i5t 
Testis, 21 287 
anomalies 292 
appendix 297 
bisexual characters 292 
cords 287 
descent of 300, 301 
anomalies, 302 
differentiation of 287 
germ cells 35 288 
gubemaculum 300 I 

indifferent cells 288 ! 

interstitial cells 290 
ligament of 299 
lobules 289 
mediastinum 289 
rete 288 
septula 289 
spermatogenesis in 32 
sustentacular cells (of Ser 
toll) 32, 288 
tubuh contorti, 288 
recti, 288 

tunica albuginea, 287, 289 
vaginalis 301 
undescended, 302 
Testosterone 151 
Tetrads, 28, 33 
Thalamus, 444 


anomalies 214 
pig 559 , , , 

Th> ro cerv ical arterial trunk, 
34« 

Thvro glossal cysts, 216 
duct, 215 
persistent 216 
Thvroid cartilage 385 
diverticulum 215 
• follicles 2 i 6 
gland 215 
' anomalies 2t6 
cluck 535. 548 
pig 557 
lateral 215 
Tibia 388 
Tibul artencs, 344 
nerve 462 
veins 355 
Tissue 16 

accessory, of organ 175 
adipose 364 I 

areolar 364 I 

connective 16,363 
differentiation of, 363 
clastic 364 
fibrous white 364 
lymphoid, of lymph glands, 
359 

of spleen 360 
marrow, pnmarj 367 
materm! loss at birth in 


Tonsil pahtine anomihes, 21^ 
pig. 559 

pharjngeal 216 
Tonsillar cr>pts, 212, 216 
fossa, 212 

Trabecula; carnea;, 332 
of liver 227 
of lymph gland, 359 
of spleen, 360 
I Trabecular cartilages 378 
Trachea 235 237 
chick, 548 
pip 560 

Tracheo esophageal fistula, 242 
Tract olfactory , 449 
optic 464 

pyramidal 426 427 
soIitary,469 471 
spinal of fifth nerve, 437 46S 
Tracts of spinal cord 426 427 
Tractus solitanus, 437 
Tragus 506 

Transformation of male germ 
cells 22 

Transplantation 156 
Transposition of viscera 242. 

Transverse colon 224 
foramen 376 
mesocolon 251 
sinus 350 

of pencardium, 334 
Tnalistie theory of hemo 
poie^is 312 
Triangular area 180 
ligament, 253 
Tncuspid V alv e 333 
Trigeminal nerve, 468 
PIB 556 

spinal tract 437, 468 
Tngone of bladder 280 
Tnplets 170 
Trochlear nerve 467 
PiR 556 

Trophoblast, 61, 90, 91, 122 
endometnal erosion by 123 
Trunk anomalies, 184 
development 103, 183 
muscles 395 


mammals 88 muscles 395 

mucous of umbilical cord Tubal pregnancy 121 
112 Tube auditory, 21 1, 503 


muscle 16 
nervous, 16 
histogenesis 413 
primary of organ, 175 
reticular 363 
supporting 363 
Toes anomalies 185 186 
development 184 
Tomes dentinal fibers, X95 
process 194 
Tongue 206 
anomalies 209 
muscles, 208, 398 
papiUx 208 
^Pig 557 
Tonsil lingual 209 
I palatine, 211, 212 


PiR 559 
digestive, 217 
Eustachian, 2rr 
neural 97 413 
chick 514 

differentiation of, 422 
limiting membranes 414 
origin 103 

supportmg elements, 419 
Pfluger s 291 
uterme 295 
Tuber cmereum 446 
Tubercle genital 286 
, P'R 555 
labial 181 
Muller s 280 286 
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Spinal curvatures at various 
ages 183 
ganglia 417 466 
supporting cells 417 
nerves, 418 460 

dorsal roots, 418, 460 
P'g. 557 
rami j6i 462 
\entrilroot 416 460 
tract of fifth nerve 437 468 
Spindles, neuromuscular, 479 
neurotcndinous 479 
Spine cleft 184 37 s 429 
Spiral artcnolci. of cndomc 
tnum, 145 
ganglion 465 
limbus 501 

organ of Corti 500 501 
sulcus, inner 501 
tunnel 501 
Splanchnic layer, 255 
mesoderm, 8t, 98 
chick, 516 
man, 93 

Sphnchnoplcurc 78, 98 
chick, 516 526 
Spleen, 360 
anomalies 361 
Splenic corpuscles 361 
flexure, 224 
\cin, 348 

Spleno renal ligament 230 
Splitting of cell masses, 13 
of organs 173 
Spongioblast 414 
Spongy layer of endometnum, 
118 

Squamous bone 383 
Stalk allantoic, 79 
body, 82 93 
cerebellar 439 
optic 486 
yolk 78 103 107 
chick 547 548 
piR 561 

Stapedial muscle, 504 
Stapes 385 504 
Stars lens 493 
Stenson s canal 203 
Sternal bars 377 
Sternum 377 
anomalies 378 
Stigma of follicle 41 
Stilbestrol 149 
StoercL sloop 275 
Stomach 219 
anomalies, 220 
chick 548 
descent 219 
glands 220 

mesenterial relations 245 


249 


pig 560 
rotation 220 
Storaodeum, 188 
chick S 23 > 534 
Stone child 107 
Straight sinus, 350 


Stratum eomeum, 400 
gcrminativum, 400 
granutosum, 25, 400 
lucidum, 400 
Stylo h)Oid ligament 385 
Styloid process^ 383, 383 
Subcardinal veins, 345 351 
P’K. 5<»5 

tr msformation of, 350 
Subcl ivian artery, 337, 341 
piC. S<*4 
vem, 350. 355 
pjc. 

Sublingual gland 201 
Subm ixillary ganglion, 472 
gland 200 

Substance, gray, of spinal cord, 
426 

perforated antenor 450 
white, of spinal cord 426 
Substantia nigra 443 
Substitution bones, 367 
Subthalamus 446 
Sudoriferous gl tnds 408 
Sulcus central 452 
cerebral 451, 452, 453 
coronary 324 
h>pothahmic 445 
intcralnal 324 
intcfNcntficular 324 
hmitjns 423 436 
median 438 
of tongue 208 
spiral inner, 501 
terminal of tongue 207 
Superfccundation 51 
Supcrfetation 51 
Superior ganglion 469 
Supporting cells of retina, 490 
of spinal ganglia 417 
of spiral organ 501 
of taste buds 479 480 
elements of ganglion 420 
of neural tube 419 
tissues 363 

Supracardinal veins 345 351 
transformation of 350 
Suprarenal arterj , 342 
gland 474 
accessory 476 
cortex 474 

permanent, 476 
provisional 475 
mraulla 474, 476 
veins 353 

Suprasternal bones 378 
Surface area increase in, 10 
Susceptibibty differential, 174 
Suspensory bgament of lens, 
493 

of ovary, 298 

Sustentacular cdls (of Sertoli) 
32, 288 

Sutures lens 493 
Sweat glands 408 
Swelling, arytenoid 236 
bulbar 33x1 332 
labio scrotal, 287 


Swelling, lateral, of branchial 
arches, 207 
Sylvian fissure 432 
Symmetry, bilateral, of ovum, 

>56 

Sympathetic ganglia, 471, 472, 
473 

nervous system 471 
trunks 472 473 
Sympodua 183 186 
Synarthroses, 371 
Synchondrosis 371 
Syncytial knots of placenta, 

132 

Syndactyly 185 186 
Syndesmo chonal placenta, 86 
Syndesmosis 371 
Synostosis, 371 
Symotus 306 
Synovial membrane 371 
Syntrophobl ist 120 131 
System digestive, 187 
Haversian 369 
integumentary, 400 
lymphatic, 35b 
muscular 390 
nervous central 413 
growth of, to 
cerebrospinal, 460 462 
in integration 17 
pcnpheral, 458 
growth of JO 
rOle of, m development and 
difTercntiation, 166 
sympathetic, 471 
organ, 175 
growth of, 10 
respiratory 235 
ongm, 97 
skeletal 363 
urogenital 265 
vascular 310 


Tahles bone 367 
Tactile corpuscle 479 
Tail bud chick, 532 
ongm, 99 

development of, 103 
fold, chick, 532, 537 . 547 
of spennatozoon 35, 36 
chief piece 36 
end piece 36 
persistence of 184 
pig 554 
Tail gut 190 
Tapetum 495 
Tarsal glands 496 
Tarsus 388 
Taste buds, 209 479 
cells, 470 
organ of, 479 
Tectorial membrane, 501 
Teeth 191 
anomalies 199 
deciduous 192 
eruption 196 197 
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Temporal bone, 383 pig 559 
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Tendons 364 34* 

Tenia: of intestine 225 Thiro glossal cjsts 21C 

Tensor tj mpam muscle, 504 duct 215 

Terata 172 persistent 216 

Teratologi 172 Thyroid cartihge 385 

Teratoma of o\ arj 292 diverticulum 215 

Terminal cylinders of Ruffini follicles 216 
479 213 

divisions of ventral ramus anomalies 216 

461 chick 535 548 

filamentof spermatozoon, 35, pig 557 

36 lateral 215 

ganglia 473 Tibia 388 

nerve 463 Tibial arteries, 344 

nuclei 437 nerve 462 

sinus, chick, 522 veins 355 

sulcus of tongue, 207 Tissue, 16 

Terminology , 20 accessory , of organ, 1 

in experimental embryology adipose 364 
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Testicular hormone, 151 
Testis 21 287 
anomalies 292 
appendix 297 
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cords 287 
descent of 300, 301 
anomalies 302 
differentiation of, 287 
germ cells 35, 288 
gubemaculum 300 
indilTerent cells 288 
interstitial cells 290 
ligament of 299 
lobules 289 
mediastinum, 289 
rete 288 
septula, 289 
spermatogenesis in 32 
sustentacular cells (of Ser 
toll), 32, 288 
tubuli contorti 288 
recti, 288 

tunica albuginea 287, 289 
vaginalis 301 
undescended 302 
Testosterone 151 
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Thalamus, 3 ^3 
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duct 215 

persistent 216 
Thyroid cartihge 385 
i diverticulum 215 
follicles. 216 
gland 215 
anomalies 216 
chick 535 548 I 

P>K 557 

lateral 215 I 

Tibia 388 

Tibial arteries, 344 ' 

nerve 462 
veins 355 
Tissue, 16 

accessory , of organ, 175 
adipose 364 
areolar 364 
connective *6 363 
differentiation of 363 
elastic. 364 
fibrous white 364 
lymphoid, of lymph glands 
359 

of spleen 360 
marrow , pnmary 367 
maternal loss at birth in 
mammals 88 

mucous, of umbilical cord, 
112 

muscle 16 
nervous, 16 

histogenesis 413 
primary of organ 175 
reticular 363 
supporting 363 
Toes anomalies 185 186 
development 184 
Tomes dentinal fibers 195 
process 194 
Tongue 206 
anomalies 209 
muscles 208, 398 
papillx 208 
^ piK 557 , 

Tonsil lingual 209 
I palatine, 211, 212 
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PiR. 559 

pharyngeal, 216 
Tonsillar crvpts, 212, 216 
fossa, 212 

Trabeculx camem, 332 
ot liver 227 
of lymph gland 359 
of spleen, 360 
Trabecular cartilages 378 
Trachea 235, 237 
chick, 548 
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Tract olfactory, 449 
optic, 464 
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I solitary, 469 471 

spinal of fifth nerve, 437, 468 
Tracts of spinal cord 426 427 
Tractus solitanus 437 
Tragus 506 

Transformation of male germ 
cells 22 

Transplantation 156 
Transposition of viscera, 242, 

Transverse colon, 224 
foramen, 376 
mesocolon 251 
sinus 350 
of pencarclium 334 
Tnahstic theory of hemo 
poiesis 312 
Triangular area, 180 
ligament 253 
Tncuspid valve, 333 
Trigeminal nerve 468 
P*R. 556 

spinal tract 437 468 
Tngonc of bladder, 280 
Tnplets 170 
Trochlear nerve, 467 
P*K 556 

Trophoblast, Si 90 91, 122 
endometrial erosion by, 123 
Trunk, anomalies 184 
development 103, 183 
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digestive, 217 
Eustachian 211 
neural 97, 413 
chick, 514 

differentiation of, 422 
limiting membranes 414 
origin, 103 
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. 555 

labial 181 
Muller s 280 286 
i of nb, 376 



6i2 


INDEX 


Spinal curvatures at vanous 
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ganglia, 417 466 
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nerves, 418, 460 

dorsal roots 418, 460 
P>& 5^7 
ratni, 46t, 462 
ventral root, 416, 460 
tract of fifth nerve 437 468 
Spindles, neuromuscular 479 
neurotendinous 479 
Spme, cleft, 184, 375 429 
Spiral arterioles of endome* 
tnum, 145 
ganglion 465 
limbus 501 

organ of Corti, 500, 501 
sulcus inner, 501 
tunnel 501 
Splanchmc K>er, 255 
mesoderm 81 98 
chick, 516 
man, 9^ 

Splanchnopleure 78 98 
chick 516, 526 
Spleen, 3C0 
anomalies 361 
Splemc corpuscles 361 
flexure 224 
vein, 348 

Spleno renal ligament, 250 
Sphtting of cell masses, 13 
of organs 173 
Spongioblast 414 
Spong> la>er of endometnum 
118 

Squamous bone 383 
Stalk allantoic 79 
body, 82 93 
cerebellar 439 
optic 486 
yolk 78 103 :o7 
chick 547 548 
pig 561 

Stapedial muscle 504 
Stapes 385 504 
Stars lens 493 
Stenson s canal 203 
Sternal bars 377 
Sternum 377 
anomalies 378 
Stigma of follicle 41 
Stilbestrol 149 
Stoerck s loop 275 
Stomach 219 
anomalies 220 
chick, 548 
descent 219 
glands 220 

mesenterial relations 245 
249 

pig, 560 

rotation 220 
Stomodeum 188 
chick 523 534 
Stone child 107 
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Stratum comeum, 400 
gcrminativum, 400 
granulosum 25, 400 
lucidum, 400 
Stylo h> Old ligament 385 
St>loid process 383 385 
Subcardinal vans, 345 351 
pig. 565 

trinsformation of, 350 
Subclavian artery, 337, 341 
pig 564 
van 350,355 
pig 565 

Sublingual gland, 201 
Submaxillary ganglion, 472 
gbnd 200 

Substance gray, of spinal cord, 
426 

perforated antenor, 450 
white of spinal cord, 426 
Substantia nigra 443 
Substitution bone:., 367 
Subthalamus 446 
Sudonferous glands 408 
Sulcus central, 452 
cerebral 451 452 453 
coronary 324 
hypothalamic 445 
mteratnal 324 
interventricular 324 
hmitans, 423, 436 
medun 438 
of tongue 20$ 
spiral inner, 501 
terminal of tongue 207 
Superfecundation 51 
Superfetation 51 
Superior gaoghoo, 469 
Supporting celU of retina 490 
of spinal ganglia 417 
of spiral organ 501 
of taste buds 479 480 
elements of ganglion 420 
of neural tube 419 
tissues 363 

Supracardinal veins 345 351 
transformation of 350 
Suprarenal artery 342 
gland 474 
accessor> 476 
cortex 474 

permanent 476 
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mrauUa 474 476 
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Surface area, increase m lO 
Susceptibility differential 174 
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493 
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32, 288 

Sutures lens 493 
Sweat glands 4(S 
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Sylvian fissure 452 
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Sympathetic ganglia 471, 472, 
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nervous system, 471 
trunks, 472, 473 
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Synarthroses 371 
S> nchondrosis 371 
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Syndesmosis 371 
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Sy nov nl membrane 371 
Syntrophoblast, 120, 131 
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skeletal 363 
urogenital 265 
vascular 310 


Tables bone, 367 
Tactile corpuscle 479 
Tati bud chick, 532 
origin, 99 

development of, 103 
fold chick 532, 537, 547 
of spermatozoSn 35 36 
chief piece 36 
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foramen 37O 
mesocolon 251 
sinus 350 

of pericardium 334 
Tnalistic theory of homo 
poiesis 312 
Triangular area 180 
ligament 233 
Tncuspid V al\ c 333 
Tngemmd nerve 468 
P9 556 

spinal tract 437 468 
Tngone of bl tdder 280 
Tnpleifc 170 
Troihlcar nerve, 467 
pik 556 

Trophoblist 61,90 91 122 
endomctnal erosion by 123 
Trunk anomalies 184 
, development 103 183 
muscles 395 
Tubal pregnancy 121 
Tube luditory 211 503 
piR 559 
digestive 217 
Eustachian 21 1 
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Suprarenal artery 342 
gland 474 
accessory 476 
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cerebrospinal 460 462 
in integration, 17 
peripheral 458 
growth of, 10 
r61eof in development and 
diflerenttation 166 
symipathetic 471 
organ 175 
growth of 10 
respiratory 235 
ongin 97 
skeletal 363 
urogenital 265 
vascular 310 


Tables bone 367 
Tactile corpuscle, 479 
Tail bud chick 532 
ongin 99 

development of, 103 
fold chick, 532, 537 547 
of spermatozoon 35 36 
chief piece 36 
end piece 36 
persistence of 184 
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of caaal mesentery, 353 
of extremities, 354 
o\anan 354 
pig 564 
portal 228 347 
postcardinal, 319 351 
transformation of 351 
precardinal 319 349 
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causes, 169 
expenmental, 167 
natural 169 
Twins 169 
acardiac 171 
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